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Tuesday, May 9, 1961

T i 21—FO0D AND DRUGS

B Chapter |—Food and Drug Adminis-
: tration, Department of Health, Edu-
cation, and Welfare

SUBCHAPTER B—FOOD AND FOOD PRODUCTS
PART 121—FOOD ADDITIVES

" " Subpart B—Exemption of Cerlain
Food Additives.From the Require-
ment of Tolerances

SUBSTANCES THAT ARE GENERALLY
RECOGNIZED AS SAFE

Pursuant to the authority vested in
the Secretary of Health, Education, and
Welfare by the Federal Food, Drug, and
Cosmetic Act (secs. 409, 701, 72 Stat. 1785,
52 Stat. 1055 as amended; 21 U.S.C. 348,
871), and delegated to the Commissioner
of Food and Drugs by the Secretary (25
F.R. 8625), and after having considered
pll data accumulated with reference to
the proposed order published in the FEp-
ERAL REGISTER of August 12, 1960 (25 F.R.
7698), containing a list of synthetic
flavoring substonces regarded as gen-
erally recognized as safe within the
meaning of section 409 of the act, the
Commissioner has concluded that the
substances in that list are safe for their
intended use. Therefore, it is ordered,
That the food additive regulations (21
CFR 121,101) be amended by adding to
$121.101 the [following new para-

graph (g):
! 1§121.101 Substances that are generally
: recognized a: safe.

* » . [ ] *

(g) Synthetic fiavoring substances
that are generally recognized as safe for
their intended use, within the meaning
of section 409 of the act, are as follows:
Acetaldehyde (ethanal). :
Acetotn (acetyl methylcarbinol).
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N-Butyric acid (butanoic acid).
d- or }-Carvone (carvol).
Cinnamaldehyde (cinnamic aldehyde).
Citral (2,6-dimethyloctadien-2,6-al-8, gera-
nial, neral). :
Decanal  (N-decylaldehyde, capraldehyde,
téaxllrl)c aldehyde, caprinaldehyde, aldehyde
-10).
Diacetyl (2,3-butandeione).
Ethyl acetate.
Ethyl butyrate (so-called rum ether).
8-Methyl-3-phenyl glycidic acid ethyl ester
(ethyl-methyl-phenyl-giycidate, so-called
__ strawberry aldehyde, C-16 aldehyde),
Ethyl vanillin, .
Ugenol,
. ?erla’niol (3,7-dimethyl-3,6 and 8,6-octadien-
- 1-oly,

P

Gerany] aetate {geraniol acetate),
! Glycerol (glyceryl) tributyrate (tributyrin,
butyrin), :
Limonene (d-, I, and di-).
Linalool
. 8-ol),
Linalyi acetate (bergamol).
~ 1-Malic ncid,
,M;:’hyl suthranilate (methyl-2-aminoben-
i ate). .
Piperona) (3.4-methylenedioxy-benzaldehyde,
hellotropln). .
Vanilitn, '

!1 Aconitle acld (equisetic actd, citridic acid,
! achlllelc acid).
b i Anethole (parapropenyl anisole) .
Benzaldehyde (benzolc aldehyde).
Brominated vegetable olls.

(linalol, 8,7-dimethyl-1 ,GWG!I-

FEDERAL REGISTER

Effective date. This order shall be-
come eflective 30 days from the date of
its publication in the FrpEraL REGISTER.

(Secs. 409, 701, 72 Btat. 1783, 62 Stat. 1065,
as amended; 21 U.8.C. 348, 371)

Dated: May 2, 1961.

[sFAL] GEeo. P. LARRICK,
Commissioner of Food and Drugs.

{(F.R. Doc. 61-4228; Filed, May 8, 1861;
8:48 a.m.}

PART 121-—FOOD ADDITIVES

Subpart D—Food Additives Permitted
in Food for Human Consumption

HYDROXYLATED LECITHIN

The Commissioner of Food and Drugs,
having evaluated the data submitted in
a petition by Food Technology, Inc., 5903
Northwest Highway, Chicago 31, Illinois,
and other relevant material, has con-
cluded that the following amendment
should issue in conformance with section
409 of the Federal Food, Drug, and Cos-
metic Act, with respect to the food addi-
tive hydroxylated lecithin to provide for
an alternative method of menufacture.
Therefore, pursuant to the provisions of

the act (sec. 409(e) (1), 72 Stat. 1786;

21 U.S.C. 348(¢c) (1)) and under the au-
thority delegated to the Commissioner
by the Secretary of Health, Education,
and Welfare (25 F.R. 8625}, § 121.1027a)
of the food additive regulations (21 CFR
121.1027; 25 F.R. 13217) is amended to
read as follows:

§ 121.1027 Hydroxylated lecithin.

L ] L] * . L]

(a) The additive is obtained by the
treatment of lecithin in one of the fol-
lowing ways, under controlled conditions
whereby the separated fatty acid fraction
of the resultant product has an acetyl
value of 30 to 38: ’

(1) With hydrogen peroxide, benzoyl
peroxide, lactic acid, and sodium
hydroxide. < ‘

(2) With hydrogen peroxide, acetie
acid, and sodium hydroxide.

Any person who will be adversely af-
fected by the foregoing order may at any
time prior to the thirtieth day from the
date of its publication in the FebpEraL
REcISTER file with the Hearing Clerk, De-
partment of Health, Education, and
Welfare, Room 5440, 330 Independence
Avenue SW., Washington 25, D.C., writ-
ten objections thereto. Objections shall
show wherein the person flling will be
adversely affected by the order and spe-
cify with particularity the provisions of
the order deemed objectionable and the
grounds for the objections, If a hearing
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is requested, the objections must state

the iIssues for the hearing. A hearing

will be granted if the objections are sup-

ported by grounds legally sufficient to -
Justify the rellef sought. Objections may

be accompanied by a memorandum or

brief in support thereof. All documents

shall be filed in quintuplicate.

Effective date. This order shall be
effective on the date of its publication in
the FEDERAL REGISTER.

(Sec. 40B(c)(1), 72 SBtat. 1786; 21 US.C.
348(c) (1))

Dated: May 2, 1961,

{5EAL) Gro. P. LARRICK,
Commissioner of Food and Drugs.

[FR. Doc. 61-4229; Filed, May 8, 1961;
8:48 a.m.]

SUBCHAPTER C-—DRUGS

PART 141a—PENICILLIN AND PENI-
CILLIN-CONTAINING DRUGS; TESTS
AND METHODS OF ASSAY

PART 146a—CERTIFICATION OF PEN-
ICILLIN AND PENICILLIN-CONTAIN-
ING DRUGS

Miscellaneous Amendments

Under the authority vested in the
Secretary of Health, Education, and
Welfare by the Federal Food, Drug, and
Cosmetic Act (sec. 507, 59 Stat. 463, as
amended; 21 U.S.C. 357) and delegated
to the Commissioner of Food and Drugs
by the Secretary (25 F.R. 8625), the
regulations for tests and methods of as-
say and certification of penicillin and
penfcillin-containing drugs (21 CFR

Parts 141a, 146a) are amended as
follows:
1. Section 41a.1 Sodium penicil-

lin * * * is amended in the following
respects: :

a. Paragraph (¢) is amended by
changing the third scntence to read:
“Keep this solution under refrigeration
and use for 2 days only.”

b. Paragraph (e) is amended by
changing the last two sentences to read
as follows: “Determine by appropriate
tests the quantity of this resulting di-
lution to be added to each 100 milliliters
of agar, which has been melted and
cooled to 48° C., for the secondary layer
that will give sharp, clear zones of in-
hibition. The suspension may be used
for 1 week.”

2. Section 141a.5 Sodium penicil-
lin * *.* is amended in the following

respects:

a. The first equation at the end of
paragraph (d) (1) is changed to read:

Difference in titers X potency of FDA peniclllin G

Units of penicillin G per milligram=

working standard {n units per milligram

Sampie weight (miiligrams) in 2.0 milliliters X F

b. Paragraph (g) is amended by
changing the last three sentences and
the equetion to read as follows: “De-
termine the absorbance of the blank
oompared with 0.1 N NH.OH at 220 myu

and 224 mu. Determine the absorbance
of the sample at 220 mp and 224 myu
compared with the blank. Calculate the
quantity of benzoic acid in the solution
from the equation: .
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Title 21—F0OD AND DRUGS

Chapter I——Food and Drug Adminis-
tration, Department of Health, Edu-
cation, and Welfare

SUBCHAPTER B—FOOD AND FOOD PRODUCTS

PART 19—CHEESES, PROCESSED
CHEESES, CHEESE FOODS, CHEESE
SPREADS, AND RELATED FOODS

Creamed CoHage Cheese; Order
Amending Identity Standard to List
Diacetyl and Other Flavors; Cottage
Cheese Whey, and Sodium Citrate
as Optional Ingredients

In the matter of amending the stand-
ard of identity for creamed cottage
cheese (21 CFR 19.530) by lsting dia-
cetyl, starter distillate, and other safe
and suitable flavoring substances that
enhance the characteristic flavor and
aroma of the food as optional ingredients

-of the creaming mixture; and by listing

cottage cheese whey and sodium citrate
brovide another citrated medium in
Which to culture flavor- and aroma~
broducing bacteria for addition to the
Creaming mixture:
N A notice of proposed rulemaking in
he above-identified matter was pub-
hed in the Feprrarn Recister of Feb-
Tuary B, 1967 (32 F.R. 2646), based on &
g‘etltion submitted by the Milk Industry
oundation, 1012 14th Street NW.,,
Washington, D.C. 20005,
" The information furnished by the pe-
toner, the comments filed in response

‘

RULES AND REGULATIONS

to the proposal, and other available in-
formation have been considered, and 1t
{s concluded that it will promote honesty
and fair dealing In the interest of con-
sumers to adopt the amendments as set
forth below.

Therefore, pursuant to the authority
vested in the Secretary of Health, Edu-
cation, and Welfare by the Federal Food,
Drug, and Cosmetic Act (secs. 401, 701,
53 Btat. 1046, 1055, as amended 70 Stat.
919, 72 Stat. 948; 21 U.8.C. 341, 371) and
delegated by him to the Commissioner of
Food and Drugs (21 CFR 2.120): It is
ordered, That § 19.530 be amended by
revising paragraph (b) (4), by adding a
new subparagraph (7) to paragraph (b},
by redesignating paragraph (d)(2) as
(d) (3), with changes, and by adding to
paragraph (d) a new subparagraph 2).
The affected portions read as follows:

§19.530 Creamed cottage cheese; iden-
tity ; label statement of oplional in-
gredients. .

* * * * [ ]

(b) * ® @

(4) A preparation of pasteurized skim
milk or cottage cheese whey with added
citric acid or sodium citrate, which
preparation has been cultured with
harmless flavor- and aroma-producing
bacteria.

*® . » [ ] L ]

(1) Singly or in combinatlon: Di-
acetyl, starter distillate, or other safe
and suitable flavoring substances which
contribute to the characteristic flavor
and aroma assoclated with the food.

* . * * -

(d) * & *

(2) When any ingredient named under
paragraph (b) (1) is used, the label shall
bear the statement “artificlally flavored™
or “artificial flavor added” or “with
added artificial flavoring”.

(3) Wherever the name “creamed
cottage cheesc” appears on the label s0
conspicuously as to be easily -~en under
customary conditions of pu:unase, the
label declarations prescribed In sub-
paragraphs (1) and (2) of this para-
graph, showing the optional ingredients
present, shall immediately and conspic-
uously precede or follow such name
without intervening written, printed, or
graphic matter.

Any person who will be adverscly af-
fected by the foregoing order may at any
time within 30 days following the date of
its publication in the FEpERAL REGISTER
file with the Hearing Clerk, Department
of Health, Education, and Welfare,
Room 5440, 330 Independence Avenue
SW., Washington, D.C. 20201, written
objectlons thereto. Objections shall show
wherein the person flling will be ad-
versely affected by the order and specify
with particularity the provistons of the
order deemed objectionable and the
grounds for the objections. If a hearing
is requested, the objections must state
the issues for the hearing, and such ob-
jections must be supported by grounds

legally sufficlent to justify the rellef

sought. Objections may be accompanied
by & memorandum or brief in support

7263

thereof. All docufnents shall be filed In
six coples.

Effective date. This order shall become
effective 60 days from the date of its pub-
lication in the FEDERAL REGISTER, except
as to any provisions that may be stayed
by the filing of proper objections. Notice
of the filing of objections or lack thereof

will be announced by publication in the .

FEDERAL REGISTER.

(Secs. 401, 701, 52 Stat. 1046, 1055, as amended
70 Stat. 919, 72 Stat. 948; 31 U.S.C. 341, 371)

Dated: May 9, 1967.

JaMES L. (GODDARD,
Commissioner of Food and Drugs.

{F.R. Doc. 67-5443; Filed, May 15, 1967;
8:50 am.]
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Fevoring agents;
protectors and
developers.

 Chopter lll—Animal, Plant Health Inspection Serv. (Meat, Poultry) § 318.7
R .
Chssof substance Substance Purpose Products Amount
Polyglycero! esters of ... [ [ T ... Rendered antmal SufMciont for purpose.

fatty acids (poly- fut or a ecombina~ 0
glycerol estersof - tion of such fat !
faity acids are re- with vegetable
stricted to those up fat when use is N
to and including not precluded by Y
the decagiyceorol standards of .
esters and otherwise identity or com-
meeting the roquire- position,

ments of § 121.1120
(n) of the Food
Additive Regula-

tions).
Polysorbate 80 ... [ 1 SO, Shorteninglor use  1percent whenused alone.
(polyoxyethylene in nonstandard- 11 used with polysorbate
(20) sorbitan ized baked goods, GO the combined total
monovlcate). buking mixes, shall not exceed
feings, filllups, 1 percent.
and toppings and
in the (rying
of foods.
Propylene glycol ... L I S Rendered animal Suflielent for purpose.
mono and dlesters fut or a combl-
of fats and fully station of such .
acids. fat wilh vegeta- I
ble fat. i H
Polysorbate 60 ... [ [ YO, Shortening for use 1 percent when used nlone. :
(polyoxeyethylene in nonstandard- 1f used with polysorbate
(20) sorbltun ized bhaked goods, $0 the combined total !
monostearate), baking mixes, shall not exceed
{eings, fitlings, 1 percent.
and toppings und
In the rying of o
fools,
Steryl-2-lactylic acid....... [ 1+ S, Shortening to be 3.0 percent. N
used for cake i
icings and fillings. !
Ste’ryl Inonog!ycerldyl ..... [ 1 Shorteningeeeeeceaae Sufliclent for purpose. ’
citrate. v
Progrum approved To flavor product... Various?...c.oaeaanne Do. . A

artlficial smoke
flavoring.t

Program approved PURIURN s [, SIS (¢ ( Do.
smoks flavoring.t
Autolyzed yeast O s | T, PO ;I R Do. '
extract, . ;
IIarmless bacleria To develop flavor... Dry sausage, pork 0.5 percent.
starters of the roll, thuringer, |
acidophilus type, Iebanon bologna, . ;
lactic acid starter cervelat, and i
or culture of salami, i
Pediococeus cere |
visiae. '
Benzoic acid, sodium  To retard flavor Oleomargarine...... 0.1 percent.
benzoate. reversion.
Citric acid. .- _...... . To protect flavor......... [0 S, Sufficlent for purpose.
..... d0ceeceeeennaaaa Flavering . Chili con camno... ... Sutliciant for purposs,
Corn syrup solids, 10 18VOT-ecmcvmannan Sausuge, hambur- 2.0 percent individually or
corn syrup, glucose er, meat loaf, collectively, calculated
syrup. uncheon meat, on a dry basis.

chopped or
pressed ham.

DOXtroStenseenccnaccen To flavor product... Sausage, ham and  Sufficient for purpose.
cured products,

Diacetyl oo ooooioaees PO 1 TR Oleomalgarine. ce... Do.

Disodium guanylate. ~do_. . Various?_.. Do.

Disodinm Inosinate. .do. . Various?_ Do.

Uydrolyzed plant -do_. . Varfons?, Do.
protein,

lso‘)ropyl citrate...... To protect flavor.... Oleomargarine...... 0.02 percent.

Malt syrup....o.ooouae To flavor product... Cured produets..... 2.5 percent.

Milk Pmtcln hydrol- ..... L 1. S Yarious?. .cecaeeeans Suflicient for purpose.
ysate.

Monosodium ORI |, S . do. . Do.
glutamate, :

Sodium sulfoncetate  ..... do. PRIV ; [ SO, .. 0.5 percent.

derivative of mono
and diglycerides.

411
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i § 318.7 Tile 9—Animals and Anima! Products
2 L N
Class of substance Substance Purpose Products Amount
T ' Sodium tripoly- To help protect “Fresh Reef,” Do.
i ; phosphate. flavor. “Beel for e
v ; . Further Cook- :
: ng,” “Cooked
: Beef,” and 3
i . similar products & )
i | which are frozen b
o ! . alter processing. E
| 9} J Mixturesof sodlum tet- ... [ [ SR P D S Do.
; polyphosphate and
| sodlum hesameta-
J phosphiate.
— ! Sorbitol..oaean-s ..ne To flavor, to fucilf-  Cnoked suusago Not more than 2 percer:§
[ tate the removal of  labeled frankfurter,  the welght of the formcs,
! casings from prod- frank, furter, excluding the formuls
. | net and to reduce wicner, knock- weight of weater or i
| earamelization and  wurst. not permitted in contg
J charring. nution with corn syry
and/or corn Syrup sii
1 Starter distillate...... T;g help protect Oleomargarine_..... Sutlicient for purpose. §
- avor. :
] 4 Stearyl citrate. . ..2.. To protect flavor......... A0 pcmacccaanenn 0.15 percent.
- Su(};urs (su)croso and To flavor product... Varioust...ooco.oan Suflicient for purposs.
extrose).
CUuSCSeenraccoas .... Carbon dioxide solid  To cool product..... Chopping of meat, Do.
- (dry iee). packaging ol 3
H product, 4
1 Nitrogen...ccomcenien- To excludo oxygen.. Sealed contalner.._. Do. 3
¥ Ilog scald agents;  Caustic soda ~ To remove halr...__. Hog CarcassesS..o-..- Po. 9

must be removed
by subsequent
cleaning opera-

. tions.
Dioetyl sodium Do.
‘ sulfosuccinate.
~ TAMCe e cee cesmenns Do. 5
Mothyl polysilicone.. Do.
Sodiwmn carbonate .. Do. -
- Sodium dodecyl- Do. :
4 i bhenzene sulfonate. 3
Sodium hexameta- Do. A
phosphate.
- " Sodium lauryl Do. o
sulfate. .
Sodium metastlileate. .o .o 000 iiiaaanas A0ucoceconnannns " Do.
Sodium n-alkylbens ... 0 aecmcouaamnnnnaaas A0eeccccemcnnonn Do.
zene sulfonate
(alkyl group
- predomiuantly
Cirand Cps
and not less
than 95 percent
1 Cio to Cre).
Sodinm sulfate_..ooooao.oo do. Do.
i Sodium tripoly. ... do. Do.
i phosphate.
SUCTOSC. o e e ccvesamvannmanns do. Do.
Trisodium ~ .eees do Do.
: phosphate. £
. Miscellanucous. ... Potassium sorbate..... To retard mold Dry SaUsage..c.eu.-- 2.5 percent in watere=
growth, tion may be applie £*
casings after stulfu &
casings may be dip=tk
solution prior tosi.2i.
To prescrve pro- Oleomargarine or 0.1 percent by welghtsy”
" duct and to retard  margarine. the finished oleoms~4-
'1 mold growth. rine or margaring, ¥
| Calelum disodium, To preserve product ... A0.ereacocnen ... 75 parts per million = {,
b 4 EDTA (calcium and to protect - welght of the finir =1
disodium ethyiene- flavor. oleomargarineor i
diaminetetraace- X margatine, }
tate). . i'
1 Propyl paraben To rotard mold DIy sausage......-.. 3.5 percent in waler 2=
i (propy! p-hydroxy- growth. solution may bs &
i benzoate). to casings aftersn %
aid or casingsmaybe !,
in solution prior i -
: R - stoffing. I3
- Sodium blcarbonate... To neutralize excoss Rondcred fots, Sufficient for purpe. 2
d acldity, cleaning soups, curing 4
i vegetables, picklo.
" See footnotes at end of table.
3 , 412
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Studies on the Swelling of Rat-Liver
Mitochondria in Relation to Tumor

Incidence During Feeding of Aminoazo Dyes

Tt was reportd previously by one of us? that the swell-
ing ability of rat liver microsomes decreases during
feeding of 3’—mvthyl-p—dimcth_\'l:\minnazobenzvnc (3’-Me-
DAB), reaching a minimum level at 4 weeks, Even though
the feeding of the dye is continued, this swelling ability
eventually recovers and reaches a normal level at about
20 weeks. The microsomes from hepatoma, induced with
3-Me-DAB, swell to an extent comparable to those of the
lver after 4 weeks of feeding of this same dye. The non-
carcinogenic  isomer, 2AIe-DADB, however, docs not
produce these effects.

This report? describes a correlation that has now been
established between microsnmal swelling and the ap-
pearance of gross tumors. Table 1 shows that if the feeding
of 3-Me-DAD to rats is continued bevond 4 weeks under
our experimental conditions, the animals rapidly reach
a point of no return, since the percentage of tumor in-
cidence in the groups shows a sudden steep rise at about
4 weeks.

The fine structural alterations in the cell, that can be
detected by the study of swelling, during  chemical
carcinogenesis are, however, not restricted to the endo-
plasmic reticulum, origin of the ‘microsome’ fraction. Of
more particular intercst in this respect are the findings of
EuumeLoT and Bos, that the thyroxine-induced swelling of
rat liver mitochondria deereases after feeding DADB for

5 months?® or by incubating these particulates in witro with
carcinogenst.

Table IT shows alterations of the mitochondrial swell-
ing, essentially similar to those of micrusomal swelling
during feeding 3-Me-12A L There is 4 minimum swelling
with the liver at about 4 weeks, and low values have been
observed with the hepatoma. As with the microsomes?, no
appreciable change in mitochondrinl swelhng was observed
during feeding 0:06%, of the non-carcinogenic dye, 2-Me-
DAR, for 6 weeks.

PG ARens and M. Awens, Biochim, biophvs, Arta 28, O {1U0%);
Naturwissensehaften 44, 431 (1957, |

2 Thewe investigations are supported by the U.S. Public Health
Serviee Grat C-1301,

3 p gEymeret and C. J. Vos, Joesp. Cell Res, 72, 191 {1907).

¢ p. Esmseror and € J. Bos, Bioehin, hiophys, Acta 24, 4142
(1957).

( Broves commnmcations - Brevi comunicazioni
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Tahle 1
Groups, of 16 male Sprague-Dawley rats cach, were fed ariboflavie.
low semi-synthetic dict!, eomtaining 0687, 3 Me-DAR, for period
varving from 1 to 12 weeks. After the respe tive periods of dv
fecding the animals were comtinued ta be fed the same diet withm
dye, and were sacrificed after atotalob 7 menths®,

Wecks of feeding NO.' of tnm(.;r b(-‘-:ll'('rfs’ l’«-rt'u-lfla!.;t-

over total survivors | of tumor incidenes
! 0/14 0 %
2 0/15 0 % :
3 1/13 7:5% '

4 4/16 25 o

5 8/16 - 50 %

6 1117 65 %,
8 16/16 1060 % i
10 16/16 100 % !
|

The differences between the macromolecular orgaii-
zation of liver mitochondria and of hepatoma mitochondria
arc evident not only from the extent of swelling, but also
fromits pH dependence(ct. 1y, Swelling was studiedin0-1731
sucrose, and in 0-30 M sucrose in presence of 1 x 1078 M)l
thyroxine or of 5 X 10-3 M/l CaCl,. The pH range was
from 5-0 to 9-6. All curves obtained with liver mitochon-
dria show relatively sharp maxima around pH 7-4, while
the curves obtained with the hepatoma were 1a ther flat
with no clear-cut maxima.

Table I1
Auimale and dict were identical to those describedin Table I. The
method of isolation of the itochondria and the swelling test (40 min)
were essentially those described by TapLEY®. Percentage swelling
was caleulated as in previous work?!.

’ Percentage Swelling’

Weeks 030 M u-30 M 030 M
of dve 07 M sucerose SUCTOSC sucrose.
foeding sucrose 1 > 1078 5 x 1073 | 3 x 107
‘ thyroxine CaCl, HgCly
0 50-2 372 38-0 651
2 44 241 46-5 55-8
3 — 28-1 41-4 50-2
4 350 13-8 299 29-4
3 — 93 323 309
S - 19-2 362 359
10 386 21-2 371 —_
12 — 29-8 41-4 476
Tumor 187 121 19-7 21-3
l

“The influence of various compounds on the swelling on
normal mitochondria was studied with particular em-
phasis on the role of sulfhydryl groups. Since carbonyl
compounds are known to interact with sulfhydryl groups
of proteins, the effect of such agents was investigated. The
fact, that at the same molar concentrationof I X 102 only
alloxan and diacetyl are inhibitors of swelling, while
acetone, chloroacetone, acctylacetone, and acetonyl-
acetone are inactive, seems to indicate that at least two
vicinal carbonyl groups in the molecule are required for
the inhibition of mitochondrial swelling by these com-

5 The anthors wish to thank Dr. V. M. AREeAN and Dr. J. Sivox
for the histopathological examinations.
s D). F. TapLEY, J. biol, Chem. 222, 325 (1056).
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pounds. The inhibition caused by diacetyl is abolished
when the rats are fed 0:06%; 3-Me-DAI over + weeks.

Sulfhydryl compounds may have cnhancing or in-
hibiting effect on mitochondrial swelling which suggests
that it is not the mere presence of —SH groups or the
reducing properties that are determining, but rather the
general structural pattern of the whole molecule. In fact,
at the same molar concentration of 1x 1072 reduced glu-
tathionecauses considerable cnhancement ofswelling (c1. %),
sodium thiosulfate has no cffect, while 2, 3-dimercapto-
propanol causes nearly total inhibition. a-Lipoic acid
gives some enhancement at 1 X 1073 and at 5 < 1073 M/,
while the unsubstitnted n-octanoic acid causes total in-
hibition at 5 «x 1073 /L

Tentatively the following mechanism is suggested for
the action of azo-dyes at the level of the mitochondria:
The many structurally unrclated biological agents, which
affect the rate of metabolism, may do so by acting on
reversible structural changes in the dynamic mitochondrial
membrane (e.g.%). Theazo-carcinogensactat this level by
inhibiting swelling, possibly through cross-linking of the
elastic membrane (cf. ?}. Thus, the membrane mayv escape
certain metabolic regulatory stimuli because of an acquired
greater structural rigidity, that is a new macromolecular
pattern which, once cstablished, is transmitted to the sub-

.sequent generations of cells. The large increase of cystine

content of the mitochondria, when passing from the liver
to the hepatoma?® is not inconsistent with this concept.

A full account of these and related investigations will be giveu
clsewhere,

']. C. Arcos, G.W. GrirrFiTH, and R\W, CUNNINGHAM

Cancer Research Laboratory, The J. Hillis Miller Health
Center, University of Florida, Gainesville, April 9, 1959.

Résumé

Dans des groupes de rats nourris 2 un régime contenant
du 3’-méthyl-p-diméthylaminoazobenzéne, on constate,
qu'il y 2 un accroissement soudain, 4 4 semaines, de l'in-
cidence de tumeurs hépatiques. Cette observation établit
une correlation dirccte entre la cancérogenése et le mini-
mum des courbes de gonflement des microsomes ct des
mitochondrics de foies de rats, nourris dans les mémes
conditions.

7 A. L. LEu~xingER and M. ScHNEIDER, ]. biophys. biochem,
Cytol. 5, 109 (1959).

8 P, Siekevitz and M, WaTson, J. biophys. biochem. Cyvtol. 2,
639 (1956). ‘

% M. Arcos and J. C, Arcos, Arzneimittelforschung §, 643 (1958).

10 B S, SCHWEIGERT, B. T. GUTHNECK, J. M. PricE, J. A. MILLER,
and E. C. MiLLER, Proc. Soc. exp. Biol. Med., N. Y. 72, 495 (1949).
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1. Further Evidence for Their Involvement in the Mcchanism of Carcino-
genesis. The Swelling of Rar Liver Mitochondria During Feeding

By JOSEPH C. ARCOS, D.Sc, GEORGE
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Fine

Structural Alteracions in Cell Pdrudee During
Chemical Carcinogenesis

of Amino Azo Dycs*

(Received for publication, July 15, 1Y39)

AHSTRACY

Swelling under carelully controlled conditions has been used to study altera-
tions in the structure of rat liver mitochondria as a result of feeding azo dves, The
changes of the swelling properties of the mitochondria during feeding of the hepato-
carcinogenic 3-methyl-bdimethylaminoazobenzene are essentialty comparable w
those observed previously with the microsomes, under the same divtary condi-
tions. These alterations in mitochondrial 2welling are not related 1o changes in the
amount ol these cell particulates per unit weight of tssue, during freding of this
azo dye. As with the microsomes, feeding of the 1soneric but relatively non-
carcinogenic 2-methyl-4-dimethylaminoazobenzene does not arieet swelling, The
structural difierences between liver and hepatoma mitochondria show up not only
in the rate and extent of swelling but also in the Torm of the curves of pH de-

O1¥

GRIFFITH, and RICHARD W, CUNNINGHAM
{(From ’UIC Cuncer Rescarcht Laboratery, Tie J. HlEs Miller Health Center, University of Florida, Guainesville)

pendence.

The influence of ketones and sulfhydryl compounds on the swelling ol normat
liver mitochondria were studied, with particular emphasis to the role of sulthydivi

groups in membrane permeability.

The sudden steep rise in the tumor incidence in groups of rats led 3 -methy!-4-
dimethylaminoazobenzene for increasing intervals of time occurs at about 4
weeks. This time correlates with the point of the minimunm swelling ol microsomes

and mitochondria isoluated from the liver

s of rats fed this same dye, Thus, a correla-

tion is established between the alterations of the swelling properties of these par-

ticulates and the carcinogenic process.

‘n previous studies (1) swelling was used to
“ret alterations in the fine structure of rat liver
“rosomes during leeding of 3-methyl-4-dimeth-
:minoazobenzene. It was observed that the
crease of the swelling ability of the microsomes,
aich can be detected even during the 1st week
feeding of 3’-methyl-d-dlimethylaminoazoben-
# e, reaches a minimum at 4 weeks. Ii the feeding
“i the dye is continued, the swelling ahility
<dually returns to a nearly normal level at
shout 20 weeks. The swelling properties of micro-
“enes from hepatomas which are induced by

’

'

" This work was supported 1y the United States
ilic Health Service Rescarch Graat C-4331(R1:,

i Boppysic, anp Brocues. Cator., 190, Vol 7.0 No 1

3 -methyl-d-dimethyliminoazobenzene,  resemble
those from the liver of rats after the dye has heen
fed for 4 weeks. These findings suggested that atter
4 weeks a critical period is reached in which a few
surviving cells undergo certain irreversible struc-
tural alterations and become twmor cells. In con-
trast to these findings with the carcinogen, no
appreciable change in microsomal swelling couid
be observed when animals were Jed  the non-
carcinogenic isomer, 2-methyi-t-dinethyhiminon-
zobenzene.

It was felt that o correlation hetween  the
changes observed in microsomal swelling andd the
actual appearance of gross tunors would provide
an indication of whether these plenomena are

5}
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myolved in the carcinogenic process. For this
reason the effect on the tumor incidence of feeding
5’<x11L~l]\}'l»—l-«linwth_\'l;m\in«m rohenzene for vanous
intervals has heen studicd. The evidence pre-
sented npow =upperts the hypothesis that feeding
this dye bevond the critical + weeks period does,
in fact, cause the animals to reach a “point of no
reiumn.” since the curve of tumor incidence as &
function of the time of dye-feeding s not a straight
line but shows a point of inflexion followed by a
sudden steep rise at about 4 weeks.

A sccond phase of the present investigation was
concerned with the prablem ol whether during
chemical ca rcinogenesis primary cellutar alterations
that can be detected by the study of swelling arc
estricted to the endoplasmic reticulum, as was
ielt previously (1) and suggested later by the
obhservations of Portet and Bruni (2), or whether
the alterations oceur in other cell particulates as
well. Actually, it has been found that the swelling
curves of liver mitochondria show essentially the
same alterations at 4 weeks during feeding 3'-
nw\h\‘\--}-dimmh,\'\aminnazol)cnzcnc, as do the
As with these latter particulates,

MICEOSOMES.
2-methyl-4-

foeding of the hon-carcinogenic
dimethylaminoazobenzene did not influence the
swelling ability of the mitochondria either. The
results imply that the endoplasmic reticulum s
not an cxclusive first target in the carcinogenic
process, and are in agreement with previous
reports (3. 4) that there are changes in the swelling
propertics of mitochondria during carcinogenesis.

In the third part of the present investigations
the cffect of variables amed of various compounds
of hiolugical interest on the «welling of mitochon-
dria was studicd, with emphasis on the role of

sulihydryl groups.
Materials and Methods

Care and Ferdinz of Animals:

Spraguc»i)aw]cy male rats (Holtzman Rat Co.,
Madison, Wisconsin) with an initial weight of 180 to
230 w1, housed two oL gL, were fed ad tibitum a
semi-synthetic dict (31 et No. 2. called hercaiter
basal diet, identical to that previously userd (1. The

hepatic carcinogen

dimethylaminoazobenzene wwers incorporated in this
diet to the cxtent of 0.06 per cont when the effects of

these compounds were studied.

For the tumor incidence experiments, 9 groups of

16 Lo 17 1ats per group were fed Tasal dict for 1 week
after which they were fed the diet containing 3’ -methyl

Fomethyl 1-dimethylamineaza-

benzene. or the relatively non-carcinogenic 2:methyt-

O1¥

$-dimethylaminoazobenzene for periords varving from
1 1o 12 weeks. Feeding of the basal diet was resumed
after the respective perieds of feeding the diet contain.
ing the dye. Al animals were «acrificed a total of 7
months after initiation of the esperiment. The macra.
scapically visible nadules on the livers were fixed in
Bouin's fisative and examined histopathologically

The percentage of tumor incidence in cach guog,
was calculated as the ratio of the number of tumir.
hearing rats to the sum of all survivors plus these
animals sacrificed earlier because of rapid tumor
velopment. The rats having histopathologically ben’
hepatomas, 4 in the 5 weeks group, 3 in the 6 weo
group, and 2 in {he 8 weeks group, have been includ. |
in these calculations as tumor bearers.

For the swelling experiments the contro! animals “ur
the azo dve or tumor studies were fed basal die: ior
at least 2 weeks. The rats fed azo dyes were maintal
previously on hasal dict for 1 weck. The rats usc. 1o
study the effect of various compounds on mitochoneiry}
swelling, and the corresponding control animals, were
fed Purina lahoratory chow.

Preparation of the A itochondrial Fractions:

The rals were sactificed by decapitation, the livers
were perfused through the superior vena cava in situ
with ice cold isotonic sodium chloride, and were excised.
The firm white hepatomas which were used, were care-
fully dissecied to climinate the adhering liver tissue
or any necrotic material. When liver tissues were used
after prolonged jceding, all macroscopically visible
nadutes were climinated hefore homogenization. Al
operations were carried out in the cold room.

The liver or tumor Lissues were minced and then
homogenized (20 per cent 7./ homogenatc) in the
cold in ice cold 0.4 3 sucrost in a Potter-Elvehjem
alass homogenizer using a teflon pestle. This sucrose
solution also contained 0.001 3t cthylenediaminetetra-
acetate (EDTA). ~uclei and cetl debris were sedimented

at 700 g, for 10 minutes, in the cold. The mitochondrial
iraction. used in these experiments, was isolated from
the supernatant fluid by centrifugation for 10 minutes
at 13,000 2 (2-3°C), according to Siekevitz and Watson
{o1. The resulting pellet was washed twice by resuspen-
sion and homogenization. EDTA was present in the
0.41 u suerosc used in the first washing but not in the
sucrose used in the second washing. “Fluffy laver.”

il present, was removed. The final pellet was resus-

pended in 0.4} s sucrose so that 1 ml. contained ihe

mitochondria from 1 gram of fresh tissue. This standard
dlock suspension, kept in ice, was always used within

10 minutes after preparation.

To study the effect of the feeding of 3-methyl-+

1 The authors wish to thank Dr. Victor M. Areat
. and Dr. Joseph Simon for the histopathologic:ﬂ ey

. aminations.
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WEEKS OF FEEDING 006% 3'_Me-DAB
Fic. 1. Hepatic tumor incidence in 9 groups of rats 16 auimals cach (except 17 for 6 weeks), as a function of
the time of feeding a semi-synthetic diet i1, 5) containing 0.06 per cent of 3.methyl-4-dimethylaminoazobenzene.

In all cases the tunior incidence was determined after 7

dimethylaminoazobenzene and of the 2-mcthyl isomer
on the amount of mitochondria present in the tissue,
10 gram samples of liver were used. The final mito-

" chondrizl suspensions were precipitated  with  tri-

chloroacetic acid, washed as already described (1),
dried, and weighed. These determinations were carried
out in triplicate.

Swelling Tests:

(a) By the Optical Deunsity Method.—Mitochondrial
.olume changes were followed at room temiperature
+~25 °C.) by the optical densily method introduced
“v Cleland (7), as modified by Tapley (8). The basic
»st system consisted of 4.7 ml. 0.3 Af sucrose countaining
"0z M trishydroxy-methyl-amino—methanc (‘Friz)
“uffer, 0.2 ml. of a stock solution containing thyroxine,
« alcium chloride, or mercurcic chioride and that volume
1,05 to 0.2 ml.) of mitochondrial standard stock suspen-
“ion which gave an initial optical density of 0.300.
Since the percentage change in optical density during
<welling of a given mitochondrial preparation depends
{ g certain extent on the initial optical density, all
-iudics were made with test solutions with an initiad
optical density between 0.200 and 0.310. Furthermore,
by conducting the assay in this manner, adjustmuent
was automatically made for changes in the concentra-
tion of liver mitochondria during feeding of azo dyes.
The final concentrations of thyroxine. calcium chloride,
and mercuric chloride in the photometer cells were

months,

1% 107 a1 5 X 1073 w/), and 1 X 10~ ML, respec-
tively. Many experiments were also conducted with
0.17 M sucrose which contained the same amount of
Tris bufier but was used without added thyroxine,
calcium chloride, or mercuric chloride. Here also 5 mb.
was the final volume of the test system. The pH of the
buffered 0.30 a and of the 0.17 M sucrose solutions was
7.4, except when the pH dependence of mitochondrial
swelling was studied, The mitochondrial stock suspen-
sion was always added last 1o the test system. The de-
crease of optical density was followed at 320 mp in
rectangular absorption celis. The first reading was taken
within 10 seconds after addition, and subsequent read-
ings al 3 or 10 minute intervals for 40 minutes. The
decrements of optical density were recalculated n
“percentage swelling™ as previously described (1 All
swelling curves were determined in duplicate or wipli-
cate, using mitochondrial fractions of il\(li}'iliu:xl rats.
The data presented under “Results” in Figs. 2 < and &,
3, b, and ¢, and in Table Tare based on the final state
(per cent swelling) at 40 minutes. Since the comparison
of the individual swelling curves tshowing the rate of
swelling! does not give, in this case, diferent or addi-
tional information. the alove presentation has heen
used for the sake of clarity.

Ihe unused portions of the mitochondrial stock sus:
pension of the rats fed 3-methyl 4. dimethylamineazo:

henzene were precipitated with wrichlbroacetiv awid,
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WEEKS OF DYE FEEDING
Fis.2a

Fro-. 2 2 and b, Swelling of rat liver mitochondria in 0.30 st and 0.17 3 sucrose containing Tris buifer {pH 7. b
as i function of the time of iecding 0.06 per cent 3'-methyl-4-dimethylaminoazobenzene. The agents used to induce
swelling. calcium chloride. thyroxine, and mercuric chloride. were always employed in 0.30 a sucrose, and their
respective concentrations were S it 1 X 167 sand 1 X 105 31, The 0.17 3 sucrose was used without added

inducer of <welling. Fach point of these carves corresponis

10 the swelling at 30 minutes. Lead nitrate at 1% 10°®

o was found 10 broduce & 99 per cent inhibition of the swelling of normal rat liver mitochondria, while cupric nitrate

gives only a very slight inhibition of swelling even at 1 X

washed as described - 1i. nd resuspended in 3 per cent
trichloroacetic ac i for direct shservation of the bound
dve.

The compounids tested for possible action on swelling
were either directly dissolved in the pH 7.4 sacrose
Yuffer wointion or added 1o the test system s <mall
aliquots 1.1 o H.2mi; nia roncentrated stock solution
adiustud to pH 7.4 The N2H mustant Merck mustar-
gen) solution «was no’ neutralized 10 avoill hydrobyais
and was the onis compound which was added o the
test systemn arter the mitochonarial stock suspension

The oplical lensitivs were always redd aEainst a
Blank of distilled waier. exceptior tannic acid, biiirubin,
and biliverdine, in which the blank consistet of the
same complete lest sy stem hut without added wito-
chondrial stock suspensiot.

by By Graimetry - The change in the swelling of
miteehondria during iveding of 006 per cent 3 -methyl-
§-dinethylaminoazobrnzene vas followed also by de

termumation of the percentage idry weight of mito-

107w

chondrial pellets. The method used was essentially that
ui Price. Fonnesu, and Davies .

The final mitochondrial pellets obtained from 10
gram tissue samples (in tared centrifuge tubes) were
resuspended in the same tubes in 0.17 x Tris buffered
pH 7.4 sucrose solution. and incubated for 20 minutes
at raom temperature. The swollen mitochondria were
<wdimented as usual and the weight of the wet pellets
determined after the outer and inner walls of the tubes
had been carefully wiped with celluwipe.” The tubes
containing the pellets were then dried overnight at 90
3., placed in desiccator and weighed after cooling.
These esperiments were carried out in duplicate.

RESULTS
Tumor Incidence as a Fuuction of the Time of

Feeding J’—A\Irlh_\'lel-l)irnelhyl‘zminouzoben:mw:

Fiz. 1 shows that a sudden stecp rise in the
hepatic tumor incidence in groups of rats fed
under our experimental conditions 3'-methyl-+

3
;
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dimethylaminoazobenzene  for increasing  time
intervals, occurs at about 4+ weeks. The ratios of
the number of tumor-bearing rats over the cffee-
tive totals have been given for most groups in a
preliminary report (10). The curve is linear
between 4 and 7 weeks and a plateau is reached at
shout 8 wecks. The curve shows that if the fceding
oi the dye is continued beyond 4 weeks, the
~nimals rapidly reach a point of no return. The
~titical time coincides with the time of minimal
nicrosomal and mitochondrial swelling.

The non-linearity of the curve near the origin is
ot surprising since several authors have already
~hown (11-13), that in order to induce liver tumors
n rats with various agents, the.carcinogen must
he administered for a certain critical period, after
«vhich tumors may appear without further treat-
sent. This period may vary with the experimenal
conditions and the nature of the carcinogen. I
lus been shown for one particular case that the
end of this critical period coincides with minimum
cellular levels of protein, pentosenucleic acid, and
tiboflavin  (14), and with a sudden rapid ¢l
proliferation (13).

The sudden sharp rise of the tumar incidence
shown in Fig. 1 suggests that once bevond the

critical period, certain irreversible fine-structural
alterations may become rapidly  established in
some liver cells by further feeding of the
carcinogen. This aspeet of the malignant trans-
formation recalls the breakdown in the cell of the
steric conformation of highly organized macro-
molecular regions, which is akin to a first order
phase-transition of oriented polviner molecules
(13, 10) in the sensc described in detail by Flory
(15). This phenomenon can be compared to the
partial breakdown of simple crystal lattices; e.g.
during thawing or irradiation. Following statistical
thermodynamics the entropy ol a system 15 pro-
portional to the number of possible conformations
of its constituting units. Thus, the loss of pref-
crential structural  orientations, that is, from
ordered  toward  random  alterations of - highly
organized macromolecular regions, correspomds 1o
the increase of the entropy of the celt considered s
a closed system, Similar conclusions were reached
carlier by Ambrose (173 on the basis of the com-
parison of histological patterns, and by Rondoni
(reviewed in reference &) who, on correlating
various experimental diata, observed similarities
Detween the process of carcinogenesiz and protein

demituration.
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Mitochondrial Swelling during Feeding of Aminoczo

Dyes:

Figs. 2 a and b show the changes in the swelling
ahility of rat Bver mitochondria (determined by
the optical density method), as a function of the
time of feeding  3/-methyl-d-dimethylaminoazo-
benzene. These figures complete the data given in
a preliminary report (10). As with the microsomes
(1, all of these curves show a minimum level at
3 weeks (except for thyroxine at 5 weeks) followed
by a phase of apparent recovery. The swelling of
mitochondria from hepatoma is generally com-
parable to or lower than the swelling of these same
particulates from liver at the minimum point of
the curve, in the same experimental conditions.
Thus, the mitochandria from hepatoma seem to be
very resistant to swelling (¢f. 3, D).

The change in the swelling ability of the mito-
chondria as a result of feeding thix azo dye was
similar when determined by the pereentage dry
weight of the mitochondrial pelict. The swelling
after 20 minutes in 0.17 3 sucrose containing Tris
buffer (pH 7.4) was measured by this method on
mitochondria isolated from the livers of normal
rats, from rats fed 0.06 per cent 3 -methyl-4-
dimethylaminoazobenzene for 2, 4, 6, & and 10
weeks, and from hepatoma. As with the optical
density method, there was a minimum in the
swelling at 4 weeks, which was then followed by a
recovery phase. Very little swelling was obzerved
with the mitochondria from hepatoma.

As with the microsomes (1), feeding at the same
level of the relatively non-carcinogenic 2-methyl-
+-dimethylaminoazabenzene  did - not
influcnce noticeably mitochondrial swelling even
after 6 weeks, as shown in Table L

Thus, mitochondrial swelling shows essentially

seem Lo

the same alterations during azo-dye carcinogenesis
as does microsomal swelling.,

The only noticeable feature of the mitochondrial
swelling curves, which could not he observed with
the microsomes (1), ts that there s an carly re-
covery phase of the swelling with a maximum at 2
weeks. Tt may not be excluded that there may be a
relation between  this carly recovery  phase of
swelling und the time of maximum dye-binding at
about 2 wecks in these particles. That the protein-
bound azo dyes first observad by Miller and
Miller (19) are distributed all over the coll (20 22),
is now well established. Quantitative studics have
<hown alveady that the maximum binding ol 3"
mcthyl-d-dimethylaminoazabenzene by micro-
somes occurs between 2 and 3 weeks (1), as with

Swelling of Liver Mitochondria of Rats Fed 0.06 Per Copy
2-Methyi-4-Dimethylwminoasobenzene
Same experimental conditions as in legend of Vig.,
2 and b

l.\'ormal 2 wecksI-i weeksf 6w,

- . '777 e e

5% 107 u CaCl [ 10.8 ’ 36.7 | 42.8 | 30 3

1 X 107y HgCly | 1 ! 65.5 ‘ 62.4 | 6y 5
I

the total liver (19). Although these quantitary,
studies (1) could not be extended yet to -,
mitochondria, observation of the trichloroac:
precipitates of the mitochondrial fractions . 3
per cent trichloroacetic acid (see Swelling ‘I, .
under Materials and Mecthods) clearly shows 1y,
as with microsomes the maximum level of 1,
bineling to mitochondria occurs between 2 aril 3
weeks. This carly recovery phase of the sweiling
at 2 weeks suggests a response of the mitoch(mdri;ﬁ
fine-structure, compensating for the loss at
week of the initial swelling ability of these partic-
ulates. In contrast, the lafe recovery of (lie
swelling that takes place beyond the critical 4
weeks is likely to be of a different nature. In fact,
this lafe recovery of the swelling coincides in time
with the large and rapid decrcase of the bound 3.
methyl-4-dimethylaminoazobenzene, in spite of
the continuous feeding of this carcino-gcn. In this
connection, the existence in the carly phase of
azo dve feeding of other compensatory responses
in the soluble cytoplasmic proteins may be sug-
gested by the work of Sorol ef al. (23).

The pIf Dependence of Mitochondrial Swelling:

The important differences between the macro-
malecular organization of liver mitochondria and
of hepatoma mitochondria are indicated not only
by changes in the extent of swelling, but also by
drastic alteration of the pH dependence curves
when passing irom the liver to the hepatoma (Figs.
3 a, b, and ). Significant dilferences were al:o
found previously with the microsomes (1).

All curves obtained with the liver mitochondria
have relatively sharp maxima at plHI = 7.5-80
(cf. 24, 25y, while the mitochondria from hepatoma
showed alwavs much less swelling and gave rather
flat pH dependence curves with no clear cut
maxima. The pI dependence curve with calcium
chloride of liver mitochondria shows a sharp
minimum at pH = 9.0, which could not he scen
in anv other case. \ difference can be ohserved
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Fio~. 3 a. b, and ¢. Eficet of pH on the swelling of
mitorhondria from lver and hepatoma of the rat. Fig.
3 in 0.30 s sucrose comaining Tris buffer and 5 X 10-#
M CaCly; Fig, 36, the same sucrose, but with 1 X 10 EBY
thyrosine; Fig. 3 ¢ in 0,17 o sucrose containing Tris
butfer, without added inducer. Al points on these
curves correspond to the swelling at 40 minutes.

for 4 to 5 weeks, a study of the time course of this
reduction has not been made, Morcover Schneider
(20) and Schicider and Hogeboom €27) jound that
the mass of mitochondrial material which can be
solated Trom & hepatoma i~ much less than that
isolated from the normal liver. In contrast to these
findings, feeding of the relatively non-carcinogenic
2-methyl-d-dimethylaminszobenzene causes a
large increase in the amount of mitochondeiain the
liver (23). These variations probably correspond o
changes in the number of mitochondria per celt 1283,

The data presented in Fige 4 constitute turther
confirmation of the previous ol wervations (20, 280
and indicate that the diminution of the wount of
mitochondria resches a plateat after about 4w S
weeks, Fhe results suggest that the recovery of the
swelling of Tiver mitochondria after b owecks does
not depend upon areturn o normad ot the amo.a
of material o this fraction. Ou the other hai,
ieeding the sanme fevel of Zanethvl-3odinethy b
noizobenzene, produced a0 67 por cent nereise in
the diy trichloroacetic precipitate atter 2 weeks
and 86 por cent aiter 6w echs i agreement weh

provious pesults o
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¥ic. 4. Variation of the dry weight of the trichloroacetic acid precipitated mitochondrial fraction as a fun: -inp
of the time of feeding €0.06 per cent 3 -methyl-4-dimethylaminoazobenzene.

Influcnce of Various Compounds on Mitochondrial

Swelling:

Keto Componnds. —Carbonyl groups of various
organic compounds are known to interact with
prateins. For example, the diabetogenic action of
alloxan (29) and glyoxal (30) may well result from
the irreversible Dlocking of critical sulfhydryl
groups of the beta cells (31).

Conscquently, we felt that the study of the
offect of carbonyl compounds on mitochondrial
swelling may shed some light on the steric correla-
tion or the relative distance of the sulfhydryl
groups which =ecem 1o play an important role in
the permeability of the mitochandrial membrane
(8). :

Fig. 5 shows that at least two adjacent carbonyl
groups are required for the inhibition of mito-
chondrial swelling, since at the same molar con-
centration only alloxan and diacetyl are active,
while acetone, chloroacetone, acetylacetone, and
acctonvlacetone are inactive.

‘Fapley reported (%) that another sulthydryl
reagent, indoacetamide, st 1 % 1072 M 35 as potent
an cphancer of swelling as !ncrcuric chloride
at 1 x 10 % s However, inour cxperiments,
fluoroacetamide or sordium uoride at various
concentrations from 1 X 107 to 1 X 102 M had
no offect on mitochondrial swelling.

The cffect of some of these compoeunds on the
swelling of the mitochondria of livers from riats
fed  3-mothyvi-bdimethylaminoazobenzene  was
also studied. 1t was found that the inhibition of
awelling caused by diacetyl s abolished when
0.06 per cent 3-methyl-d-dimethylaminauzoben-
zene i« fod for 10 weeks, but not when it is fed for

only 2 or 4 weeks. On the other hand, the abs e
of inhibition by acetylacetone and acetonylacetone
is not affected by fceding this dye for the same
period of time.

Sulfhydryl Compounds.—Tig. 6 shows the effect
of three sulfhydryl compounds on mitochondrig}
swelling, The observation that reduced glutathione
at 1 x 1072 a1 causes considerable enhancement of
swalling confirms the recent data of Lehninger and
Schneider (32). Freshly prepared sodium  thio-
sulfate or sodium hydrosulfite, however, did not
affect swelling at 1'% 1072 M or 1 X 107y
Another sulihydryl agent, the 2, 3-dimercaptopro-
panal (BAL) caused nearly total inhibition at
1 X 1072 m,

The slight enhancement of swelling caused by
e-lipoic acid ((),S-dilhio-octanoic acid) cannot be
attributer to the surface active properties of this
compound, since the unsubstituted  n-octanoic
acid causes total inhibition of swelling at the same
concentration. This finding on the efiect of a-
fipoic acid ix consistent with the observation of
Bicsele (33) that mouse fibroblasts treated with
this same agent in tissue culture chow somewhat
enlarged mitochondria.

The effect on mitachondrial swelling of a large
number of compounids of other classes has also
heen tested, such as: cross-linking and surface
active agents, narcotics, antibiotics, substituted
anilines and phenals, purine analogs, and deriva-
tives;  MOrcover, di])hnsphnp_\'ri(linenuclootidc
(LPN), histamine, bilirubin, biliverdine, heparin,
and alginic acid, These swelling tests have also
been carried out in the 9,17 M sucrose assay sys
tem. The whole spectrum of the possible effects
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swelling of rat liver mitochondra, conditions as in Fig. 3. 2,3-

Fi6. 6. Efficct of sulihydeyl compounds on the
14, and glutathione at 1 X 10-% w.

Dimercaptopropanol had no cffect on swelling at 1 X 10-3and 1 X 10~

on mitochondrial swelling has been observed in s DPN caused  considerable  enhancement of
these tests. The only consistent pattern of the swelling and biliverdine gave strong inhibition at
mechanism of action that cmerges from these & X 107 o, while the presence of the same con-
tests is that the cross-linking agents, ‘the surface  centration of bilirubin  resuited i 4 marked
aclive agents at lower concentrations, and the  aggregation of the mitochondrix.

substituted anilines having an  electronegative The fact that various compounds can affeet the
group in para position inhibit mitochondriat  swelling so ditierently suggests that it is not the
swelling, possibly through two- or multipoint  mere presence of speaific functional groups that are
attachment such as in the model proposed for  the determining Tactors, but rather the general
p-aminobenzoic acikd (34). 1t is alzo noteworthy
that under our experimental conditions 3% 103

structural pattern of the whole moleeule. This, i
turn, may indicate that the various structurally
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unrelated chemical agents that affect mitochondrial
<welling, act in the membrane structure possibly
on differeni macromolecular sites (of, reference 240,

IRCUSKTON

Favidence has been available to the effeet that
there are changes of the macromolecular organiza-
tion of rat liver mitochondria during chemical
carcinogenesis. Cleriel and Cudkovicz (3) have
observed by means of clectron microscopy an
increase of rigidity as a consequence of feeding
1 dimethylaminoazobenzene, Emmelot and Bos
reported that the swelling of rat liver mitochondria,
induced by thyroxine, decreases after this same
dve has been fod for 3 months (1), or hy incubating
normal mitochondria in vitre with the carcinogens
J-moenomethvlaminoazabenzene or e-aminoazotol-
uene (35). However, no stepwise time study for
the successive changes has heen reported, such as
described for the microsomes (1),

The present work establishes that these maodifi-
cations of the mitochondrial swelling  occur
simidtancensly with similar alterations undergone
by the microsomes. The alterations that can be
detected by the study of swelling in the microsomal
and mitochondrial fine structure scem to be
directly involved in the carcinogenic process xince
(a) these alterations cannot be produced in cither
particles by fceding a non-carcinogenic azo dye of
similar structure? and (1) there i a close correlation
between the minimal feeding period required for
the appearance of gross tumors and the time of
minimum swelling in these two types of particles.

The present results suguest that the carcinogenic
process does not start, as wits felt previously (1),
within a single type of ccllular component but
rather occurs at more than one subcellular locus.
The result ol the structural alterations of the
subcellular particles may well be that the rates of
flow of nucleotides, various organic eofactors, and
inorganic jons among the cell components (36}
are modificd. thereby introducing disturbances in
various feedback mechanisms which may possibly
control the rhythm of celi division {37).

One of the simplest explanations of the higher
structural rigidity of the tumor mitochondria ax
compared tu that of the Jiver mitochondria i~ that

2 Preliminary results of experiments conducted in
our Laboratory with several other agents: two car-
cinngenic and two non carcinogenic azo dyus, 2-acetyl-
aminofluorenc. cthiorine and tannic acid, are consistent
with the findings describedd in the present report.

the membrane of the former has a more extensively
cross-linked Bipoprotein structure. Since disulfi
bhonds are undoubtedly the most common covaligy
bonds  cross-linking  the polypeptide chains iy
proteins (e.g. 38), it is reasonable to suppose 1hy
one of the structural bases of greater membrio
rigidity may be the increase of the cystine cont. -
of these organclies during carcinogenesis. T ;.-
it has heen reported (39} that mitochondria of -
rat hepatoma contain 4 per cent more cvst':.
than the mitochondria of the rat liver.

Although the writers feel that the above expla- ..
tion constitutes the most likely mechanism of .
observed increase in structural rigidity, the pos-
role of other factors may not he disregarded, ..
as e.g.: (@) change in the character of liver « -
population because of extensive bile-duct prolii-,.
tion in the carly periods of feeding (40); (8 ..
possible decrease in the availability of oxidizabie
substrate necessary for mitochondrial sweliing
(c.g. reference 41); and (¢) depression of the level
of DPN (42) possibly influencing the state of
oxvgenation of the respiratory carrier. It should
he added, however, that the phenomena (§) and
(¢) may be, in fact, the consequences of structura]
alteration of the mitochondrial membrane, re-
spectively through decreasing the steric availability
of substrate at critical sites, and by altering the
protein carrier to which DPN is hound. Views
similar to the latter were expressed earlier by
Greenstein in relation to the low B vitamin levels
in tumor tissues (43).

In conclusion the following mechanism is
tentatively suggested for the action of azo dyes at
the level of the mitochondrial membrane:

The azo carcinogens act at this Ievel by inhibit-
ing swelling (cf. 3, 4, 35) possibly by cross-Jinking
macromolecular clements that can undergo re-
versible structural changes and, thus, condition
the dynamic hchavior of the mitochondrial
membrane. That, in the conjugated aromatic
carcinogens, the 4 and 47 (or equivalent) positions
are the points of interaction, has been suggested
first under the term of “para principle” by Druck-
rey (48 and later by Buu-Hoi (45}, and extensively
discussed on the basis of physicochemical consid-
erations by one of us (46). An important evidence
that can be cited in favor of this concept is the
observation of Cheesman (47) that the elasticity
oi monomolecular layers of globin (as measured
by the pressure-arca relationship) is strongly
depressed by derivatives of the carcinogenic
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$-dimethylaminostilbene, a close structural analog
of the azo dyves. The considerable enhanceneni ol
the carcinogenic activity of F-dimethylaminoazo-
benzene by introduction in Vool Ccortddn
substituents (such as - F, - GG, or N O
pyridine N-oxide in the ring), which can establish
interactions by the various types ol stcondary
valence forces, constitutes another supporting
evidence?

The structural rigidity of the mitochondrial
membrane, which is maintained in the carly periods
of feeding by the continuvus presence of the cross-
linking carcinogens, may become, beyond a critical
period of administration, an irreversible charue
teristic of a few cells. Onee established in the form
of 2 new macromalecular patiern, this new prop-
erty may be transmitted to subsequent generiations
of cells. Such observed continuity of an acquired
extra nuclear property daes not presuppose or
imply, however, any specific mechanism of tans-
mission of cellular characteristics.

Such drastic alterations in the membrine
structure cannot fail 1o affect the enzymes of the
respiratory chain for which it serves is an “embed-
ding core” (48). Thus, by maodification of the
distribution of the enzymic sites (rr. 431 new or
alternative metabolic pathways may be established
or favored, channcling substrates and electrons in
new directions. 1t is possible that the aerobic
glveolysis coexisting with the high rate of respira-
tion in the tumor tissuc is the functional expres-
sion of these specific structural alterations of the
mitochondrial membrane, in conformity with the
views voiced years ago by Rondoni (reviewed in
reference 18).

The authors are greatly indebted 1o Dr. Charles T
Crampton and Dr. James A. Olson for helpiul criticism
and discussion.
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Diacetyl

Protoplasma, p. 469

o137

It exerts a somewhat weaker effect than acetylacetone, but basically

its effect is exactly the same, from a qualitative standpoint, as that of

acetylacetone.

the parallel-separating anaphases are more frequent (numerous) .

/""’)

| £
/ (l’r’f
' o ¢
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Fig. 11.

on the right two metaphases in typical formation (configuration):

chromosomes have an irregular (random) distribution, but are not

greatly shortened.

Diacetyl 0.08-0.1 mol/1.

=t

The metaphase chromosomes remain perhaps still longer and

On the left, two prometaphases,
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GRACE BENNETT, B. J. LISKA, and W. L. HEMPENIUS
Departinents of Foods and Nutrition and Animal Scicnces

Purdue University Agriculture Experiment Station
Lafayette, Indiana

J. Feod S 36:33-37, (903
"Effect of Other Flavor Components on the Perception of
Diacetyl in Fermented Dairy Products

SUMMARY

The effect of fat, pH, and volatile acids on
the pereeption of diacetyl was investigated. At
the normal pH of skim milk or cream the
thre-hold for diacetyl was 0.0} ppm. At pl
5.0 the threshold in skim milk was 0.2 ppimn,
and at pH 4.4 the diacetyl threshold in cream

was 0.053 ppm. The fat content of cream prob-.

ally ~uppresses the acid effect. The presence
of propionic aeid did not lower the threshold
of dizcetyl in sour cream. Formie acid lowered
the threshold slightly, whereas acetic acid and
acetaldehyde lowered it considerably,

INTRODUCTION

Dincetyl is an important contributor to
e flavor of cultured dairy products. . It is
cvobably the major Havor component, al-
“wough a number of other flavors are present

Parker and Elliker, 1933 ; Eakle, 1963). It
e been studied in starter cultures (Mather

Biabel, 1959), creamed cottage cheese
wer and Elliker, 1953), cheddar cheese
certand Price, 1949), and butter (Riel

e 2mount of diacetyl present in creamed
vaue cheese on the retail market appar-
v varies considerably (Parker and Elii-
31 Mather and Babel, 1939). The
i of diaceryl in creamed cotiage cheese
< standardized by using ciirated whey
vs (Lundstedt and Fogg, 1962) or

woctseeccns citrotorus cultures (Mather
@l Babel, 1939) ) or adding starter distillate.

I.tle infermation is available on thresh-
~uls for dizcety] and on the effect of other
fivar components on the perception of di-
i It hzs been noted that chemical dia-
~ harsh in flaver (Eakle, 1963). Infor-
v on thresholds should be useful in
consumer preference studies and in
< orrrelations wirn chemical and chro-

*his kind has been made-into thresholds for
voring components in wine (Berg ef dl.,
1"*3a,b,c; Hinreiner et al., 1955). This

study was made to determine the effect of
some other volatile components on the detec-
tion of diacetyl in fermented dairy products.

MATERIALS AND METHODS

Thresholds and minimum perceptible differences
for diacetyl were established in skim milk and in
cream. The effect on the threshold of pH, kind
of acid, and presence of volatile acids was deter-
mined.

In these experiments the threshold was defined
as that concentration of diacetyl which could be
detected by the panel as a whole at the 59 level
of significance when compared with a similar
sample containing no diacetyl. Significance in
paired comparisons was determined by referring
to tables of Roessler e¢ al. (1959). When the effect
of pH or presence of volatile acids on diacety!
threshold was determined, the samples were identi-
cal except for the diacetyl in one sample. The
minimum pereeptible difference was also deter-
mined by paired comparisons. In this instance both
samples contained diacetyl, the lower concentra-
tion being five times the previously determined
threshold.

During a 1-hr tasting session, 16 paired com-
parisons were presented to the judges at 3-min
intervals, Feur pairs were replicated four times
in a random order. The order of presentation
within pairs was also randomized. Milk samples
were presented in numbered test tubes, and cream
samples in paper cups. Approximately 5 ml of
milk or cream was tasted.

The judges were junior and senior students in
the Foods and Nutrition Department. Seven
judges with the lowest thresholds were chosen
from a larger group of students after a three-weeck
training period. As a training device, judges were
told which sample contained diacetyl as they
tasted the pairs. However, after the judges be-
came familiar with the flavor of diacetyl, samples
were not identified until the tasting was completed.
As training progressed, swmaller differences were
detected. During the experiment, 3 or 4 one-hour
sessions  were usually requiréd to determine a
threshold or the minimum  perceptible difference.
An attempt was made to include two pairs of
samples in a tasting session which could not be
told apart and two pairs which could be correctly

[35]
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identified at the 3% level of significance. Judges
gave a larger total number of correct responses
when they were confident of the answers for
some pairs.

The milk and cream products used in the experis
ment were prepared in the following ways. Skim
milk with a solids content of 8.5-9.2¢% was heated
at 358°C under reduced pressure and cooled to 20°C.
Lactic acid was added to adjust the pH, and the

- mixture was cooled to 4°C.

Cream was standardized to 199 fat with skim
milk. It was heated under reduced pressure to
38°C in a water bath. After the addition of 1.18¢,
stabilizer (obtained from Meyer-Blanke Co.) the
cream was heated 20 min in a water bath at 165°F.
A magnetic stirrer with teflon-covered rod was
used to agitate the mixture while heating and cool-
ing. For production of sour cream by acidification
with glucono-delta-lactone, the cream was cooled
to 30°C, glucono-delta-lactone was added in an
amount (179 ) based on ¢, solids-not-fat in the
cream, the mixture was incubated 3 hr at 30°C,
and then cooled to 4°C. Tor preparation of sour
cream acidified with lactic acid, the cream was
cooled to 20°C, lactic acid was added to the cream
with agitation to the desired pH, and the mixture
was cooled to 4°C. For both methods, pH was
controlled within +=0.1 unit.

Stock solutions of chemijcal diacetyl and of
formic, acetic, and propionic acids containing 100
ppm were prepared and stored at 4°C. A fresh
solution of acetaldehyde at this concentration was
prepared each day. Calculated amounts of these
solutions were added quantitatively to a measured
or weighed amount of milk or cream. Samples
were mixed and stored in closed containers at 4°C

until immediately before tasting.

RESULTS

Thresholds of diacetyl in skim milk, in
general, were higher as the pH was de-
creased (Table 1). About 20 times as much
diacetyl was necessary for detection at pH
5.0 as at the normal pH of milk. Minimum
perceptible differences also increased about
20 times as pH was lowered. Except at pH

6.0, a difference between concentrations of -

Table 1. Threshold concentrations and rninimum perceptible differences of dj

milk at several pH valyes,
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about 5 times the threshold was required
before the higher concentration of a pajrs
could be detected a significant number of
times. Apparently a small amount of acigs
(pH 6.0) sharpened the taste for diacety] - |
The threstiold at this pH was lower than atv
the normal pI for milk and a smaller difter.
ence between concentrations was necessary, .
Levels of pH below 5.0 were not investi. -
gated, since the skim milk coagulated and:
the texture and strong actd flavor made the-
taste disagreeable. i
At normal pH, the diacetyl thresholds for:
skim milk and cream occurred at the same-
concentration. In previous work with 3
different taste panel, the threshold in homog-
enized milk was also 0.01 ppm. However, -
the minimum detectable difference in paired-
samples was smaller in cream than in milk
at pH 6.8. Apparently the fat content has
little effect on perception of diacetyl at nor-
mal pH. No indication of taste fatigue was-
detected during tasting 16 pairs of cream.
samples with a high fat content. A S—min:’L
interval between pairs of samples seemed to
be adequate to remove aiter-tastes, -
The effect of lowering the pH of cream is.
not as great as would be expected from the
results with skim milk., The thresholds and
minimum  perceptible differences in skim
milk at pH 5.5 and in cream at pH 4.4 were
identical. The fat content of the cream may
depress the apparent acid taste and allow’
diacety! to he perceived more easily. .
The minimum perceptible difference of
diacetyl is smaller in cream without stabi-
lizer (Table 2). This result may be due toa
change in the texture of cream with added
stabilizer or to flavors from the stabilizer

The kind of acidifying agent used to lower
the pH did not affect the threshold, but a
smaller difference in diacetyl level could be

acetyl in skim

Minimum perceptible difference
between pairs

—
Low High,
Threshaold conce?z\t‘:'\rtion coxlce‘rlg'tr;‘;ion
concentration of pair of pair Difterence

pH (ppm) (ppm) (ppm) (ppm)

6.8 o1 03 10 05

6.0 005 023 .04 015 -

5.5 .05 25 .50 25

5.0 20 1.00 2.00 1.00
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Table 2. Threshold concentrations and minimum perceptible differences of diacetyl in

cream at normal and low pH.

Minimuni perceptible difference
between pairs

) Lower Higher
Threshold concentration concentration
Additional concentration of pair of pair Difference

pH ingredients (ppm) {ppm) (ppm} (ppm)
6.8 None .01 .05 055 005
6.8 Stabilizer 01 03 07 02

1.4 ILactic acid and stabuizer 05 23 .30 23

14 Lactone and stabilizer .03 25 - 375 A2

detected when glucono-delta-lactone was
qecd than when lactic acid was the acidifying
woent.

Formic, acetic, or propionic acid, or
~etaldehyde, were added to lactone-acidi-
<o cream at amounts at or slightly above
. threshold for these volatile constituents.
i'ropionic acid apparently did not affect the
pereeption of diacetyl although it probably
omiributed to background flavor. The other

Table 3. Thresholds of diacetyl in Iactone-acidi-
4o sour cream with added volatile constituents.

Ameunt Dincetyl
added thresholl
(ppm) (ppm)

0.1 .01
923 <001
0.1 05
0.1 <001

cies tested did aifect the perception of
- cetvl. Acetic acid and acetaldehvde had

v strong effect and the diacetyl thresh-

couid rot be accurctelv established in
v cream containing these volatiles.
Lulres were able to detect diacetyl in sam-
-ith acetic acid or acetaldehyde a highly
- number of times at the lowest
ertyl concentrations tasted.
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The Reduction of l)ia('vty] and Acctoin in Aerobacter aerogenecs

Evidence for One Enzyme Catalyzing Both Reactions

Kiaus Bry~, Oyvind ITeTLAYD, and Tredrik C. ST4RMER

Biokjemisk Institutt, Universitetet i Oslo, Blindern

(Received Qctoher 5, 1970}

The reduction of diacetyl and acetoin has been shown to be catalyzed by one enzyme in
Aerobacter aerogenes. Fhe ratio of the two activitics remains constant during purification into homo-
geneity, and the two activities appear in the same amount when the growing cells are cxposed

to acetate.

Juni |1} showed in 1932 that acetoin {acctyl-
methyl carbinol) is formed by a sequence of two
enzymes in derobacter aerogenes, one catalyzing the
formation of acetolactate from pyruvate, and
another  decarboxylating  acetolactate to yield
acetoin. These enzymes, the pll 6 acetolactate-
forming enzyme () and acetolactate decarboxylase
(T5,) have heen purified and characterized [2—8].

Strecker and Harary [9] described in 1934 two
enzyme  systems from A acrogenes and  Staphy-
lococcus aurcus, one catalyzing the reversible oxida-
tion by NAD of 2,3-butanediol to acctoin, and the
other catalyzing an essentially irreversible reduction
by NADH of diacetyl to acctoin. These CNZYTCS.
butyleneglyeol dehydrogenase (K;) and diacety!
reductase (I,) were partially purified, and they
suggested that these enzymes were different. The
formation of acetoin and 2.3-butancdiol is shown in
Fig.1.

This paper provides cvidences that F, and E,
activities are associated with the same cnzyme in
A.aerogenes. This is shown by purification and
characterization of the enzyme.

EXPERIMENTAL PROCEDURE
Beagents
NAD, NADH, streptomyein sulfate, and diacetyl
were obtained from  Sigma  Chemical Company,
DEAE-Sephadex A-50 and Sephadex G-100 were
purchased from the Pharmacia Laboratorics. and

hydroxyapatite was obtained from the Bio-Rad
Laboratories.

Spectrophotometric Assays

Conditions under which a lincar respoise of
velocity to enzyme concentration is obfainable at

Enzymes. 23 Butanediol : NAD  oxidoredrict nso (EC
1.1.1.4); 2.acetolactate carboxy-lyase (K0 4.1.1.5),

Diacetyl ———» Acetoin =—— 2,3-butaneio}

co,

Pyruvate _._Z. Acetolactate

Yig.1. Formation of acetoin and 2,3-bulanediol from PYrual
in A. aerogenes

25°, for measurement of butyleneglycol dehydr,.
genase activity [9], consist, in a “total volume of
3 ml, of the following amounts per ml: 0.1 ymels
NAD, 13 umoles 2,3-butanediol, 50 umoles phosphat
pH 7.0 and enzyme. For measurement of diacety) -
reductase activity, the 1 ml] mixture contained
0.1 pmole NADH, 13 umoles diacetyl, 50 pemoles
phosphate pH 7.5 and enzyme. A unit is defined
as that amount of enzyme that gives a change in
absorbance at 340 nm of 0.001 per min at 25
A Beckinan DB recording spectrophotometer was
used for these assays. For stability of the enzyme
upon dilution, see Results.

Protein

Protein was determined by the method of Lovry
et al. [10] and for purified preparation with low pro- {
tein concentration, by the absorbance at 280 om. ¢
Protein bands in polyacrylamide gels were staived §
with 0.1%/; amidoblack in 5%/, acetic acid, 5/, meth! ;
alcohol, and water. :

Buffers

The standard buffers, prepared at 20°, usl
throughout this work were the following: 80 mf-Tg
phosphate containing 0.1 mM NAD and 25m):
Z-mereaptoethanol pIl 7.0, and 50 mM Tris-Cl con
taining 0.1t mM NAD and 25 mM 2-mor(-,apt.oethalw!'E

|
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tavle 1. Purification of the enzyme with butylencqlycal dehydrogenase (£,) and diacdyl veduetase (£2,) activities from A. aerogenes

10 2 Specitic

Fraction and step Volume Protein activity Yiekl Pariticalion Faik,
il e unlt- e *lo -fokd

1. Sonic extract from 36 g of cells 186 5022 1.5 LY t 0.30

[ 1. Streptomyecin sulfate 268
L (NH,),S0, 114 2454 64.6 86 1.5 .29
V. DEAE-Sephadex chromatography 100 186 K62 70 14 0.3
V. Hvdroxyapatite chromatography 59 34 2540 52 60 W27
1 11 DEAE-Sephadex cliromatography 23 19 4800 32 107 .25
3 {1i. Sephadex G-100 chromatography i7 ] 5530 20 124 0,27

H 7.5. In the last two fractionation steps (DEAFE
8 .0 Sephadex chromatography) all buffers con-

wined 200/, glyeerol. For stability of the enzyme. see
Results.

Orgunisms

The organisms used throughout thix work were
sild type . aerogenes strain 1033 and two utants
of A. acrogenes strain 35, IV-2 and 43-I11. blocked
in the formation of valine-isoleucine [11}. They were
deficient in the pH 6 acetolactate-forming enzyme
(£,) and butyleneglycol dehydrogenase (Ey) activity,
and mutant 45-I1T, in addition had a block in
acetolactate decarboxyvlase (IS,) activity. The bac-
teria were grown in minimal media as described
i11,12], and strain 1033, for purification of the
enzyme, wag grown as reported {7].

, RESULTS
Purification of the Enzymc

The following procedure for purification of the
enzyme associated with By and E; activities resulted
in & 124-fold purification with a 20%, yicld. Unless
otherwise stated, all operations were performed at
0—5°, and Table 1 summarizes the data for a typical
Preparation.

Preparation of Extract

“rozen cells (36 g) were suspended in 5 volumes
of the standard phosphate (see Experimental
Pr cdure). The solution was subjected to ultra-
' .d for 15 min with a Branson Sonie Power SW 75.
Tl material was centrifuged for 30 min at 40000 > g
?}‘ the clear solution was collected to yield Frac-
v T,

Streptomycin Precipitation

I'o the 186 ml of Fraction I were added, with
sti :ing, 93 ml of a 109/, streptomyein sulfate solution
ad gsted to pH 7.0 with phosphate. After standing
fir 13 min, the suspension was centrifuged and the
supernatant collected (Fraction It).

Ammonivom Sulfale Fractionalion

To Fraction 1T were added., with stirring. 243 ¢
per diter of solid (N1 ,3,50,. and the pH was adjusted
to 7.0 by adding 1 M K,HPO, by drops. The suspen-
sion was allowed to stand for 20 min after the salt
had dissolved. The preeipitute was discarded after
centrifugation at 10008 7g for 10 min. and to the
solution were added 132 ¢ per liter of solid (NH )80,
The precipitate was collected as deseribed above, and
dirsohved in suficient standard Tris-C1 (see Experi-
mental Procedure) to provide a protein concentra-
tion of 20 mg per mb. This solution was then diadyzed
against one liter of the same buffer overnight. A xmall
precipitate. which appeared during dialysis. was
removed by eentrifugation at (0000« g and yiclded a
clear supernatant (Fraction ITI).

DEAE-Sephades A-300 Chromatoyraphy

Fraction III was loaded on the column (40 -
3.5 em) previously cquilibrated with standard Tris-Cl
(-NAD). The column was eluted with a lincar Na(l
gradient formed from 500 ml of standard Tris-Cl
(-NAD). and of 0.5M Na(l in standard Tris-Cl
(-NAD). Fractions of 6.4 ml were collected at a flow
rate of 60 ml per hour. and fractions 116 to 131
which contained the bulk of the activity. were
collected (Fraction IV). Fig.2.

Hydroxyapatite Chromatography

Fraction IV was made 0.1 mM with NAD and
was loaded on the column (8:2.3 vm) previously
equilibrated  with 20 mM phosphate  containing
23 mM 2-mercaptoethanol pll 7.0. at a flow rate of
30 ml per hour. The column was eluted with a 200 mil
linear gradient between 20 and 300 mM pho~phate
pll 7.0 containing 25 mM 2.mercaptoethanol. Frac-
tions of 6 m! were collected at a flow rate of 30 ml
per hour. and fractions 39 to 53 were colleeted and
made (.1 M with NAD (Fraction V). 560 ¢ of solid
(NH,).S0  was added per liter to the pooled fractions
and the suspension wax centrifuged. The precipitate
was dissolved in standavd Tris-Cloand diadyzed
against one liter of the sawe huller,
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Fig. 2. Chromatography of Fraction 11T on DEAE-Sephadex
A-50. A column, 3.5>40 cm, was prepared and loaded with
114 m! of Fraction 111. A constant linear gradient from 0 to
0.5 M NaCl in standard Tris-Cl (sce Experimental Procedure),
total volume of 300 ml, was applied at the flow rate of 6t ml
per hour, and 6.4 ml fractions were collected. These fractions
were assaved for butyleneglycol dehvdrogenase (Eg) activity
{--—- -), and their absorbance at 280 nm was determined
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Fig.3. Purity at stages in the purification of butylene-glycol
dehypirogenase as monifored by polyacrylamide. gel electro-
phoresis [13]. From left to right, the gels containing aliquots
from Fractions V1, and VIL The direetion of migration was
toward the hottom of the gels (anode) ‘

Secand DEAE-Sephadex Fractionation '

The dialyzed solution was loaded on the column
and cluted as described above. The fractions were

“recombined (18--22) and solid (NH,),R0,. 560 g

per liter, was added. The active precipitate was dis-
solved in standard phosphate (Fraction VI).

Sephadexr G-100 Fractionation

Fraction VI was made 0.1 mM with NAD, and
560 g per liter of solid (NL,),50, was added. The

Dincetyl and Acetoin Reduction in A. acrogenes

OZ50

Yur. J. Bioeg,

Table 2. Effcet of different organic acids on the formatiog g {

butylentglycol dehydrogenase (1) and diacelyl reductuse (f

activities V
The cultures were ineubated at 37° with gyrotory shikip,,
anrd the colls were harvested in their exponentially g swin,
phase when the pH had dropped from 7.0 to 6.6, and oy
pended in fresh medinm pH 7.0. 40 ml portions were ¢ ~idy
on flasks containing 4 mmoles of the test compount .y

viously adjusted to pll 7.0 with 1 M NaOH. The flast 1y,
chaken at 37° for 60 min, rapidly cooled, and the eel e, |
harvested and the specific activities of the enzymer ‘fuq,
mined
TLlen -
Addition to media L _E!?‘?E‘P_‘L"?“"““’s .

(100 mM) N B -

°le v
Acetate 100 106
Pyruvate 59 5¢
Formate 21 . <
Propionate 21 16
Butyrate 16 16
Tsobutyrate 20 14
Monochloroacetate 10 7
None 20 24

precipitate was dissolved in standard phosphate,

volumne 4 ml, and loaded on a column (20 X 2.3 em)
previously equilibrated with standard phosphate

(-NAD). The column was eluted with the same buffer, !

and fractions of 4 ml were collected at a flow rate of |

13 ml per hour. Fractions 9 to 12, which contained
the purified enzyme (Iig.3) were collected, and the
total yicld was 8 mg (Fraction VII).

Stability of the Enzyme

Storage of crude extract at 0° in phosphate pH 7.0
resulted in loss in activity (759, after one month).
The inactivation occurred faster upon dilution or
precipitation with ammonium sulfate, but could be
prevented by the addition of 0.1 mM NAD and
10 mM 2-mercaptoethanol. When the enzyme was
diluted, serum albumin (5 mg per ml) had to be
present in order to prevent inactivation. A purified
preparation has been stored for 6 months at 0° in the
presence of these compounds and 20°/, glycerdl
without significant loss in E; and I activity.

Induction Studies

Evidence for coordinated induction of the 23
butanediol-forming enzymes (E,, Ei, and L) in
A, aerogenes by acetate, when grown on glucose,
has rceently been presented [12].

Table 2 shows the effeet of various organic acids
on the appearance of 1, and I, in A. acrogene
strain 1033 and that acetate markedly stimulated
the formation of the enzymes. The stimulation caused
by pyruvate might be of secondary nature {12}
since pyruvate can be converted to acetate.
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% nble3. Effect of acetaie on the formation of Egand E, activilies
E

Enzymo activities

Xy ¥,
Strain :
+ - + -
100 mM acetate 100 mM neetate
"o %% *h Y
1033 100 20 100 24
Iv-2 .17 3.0 17 3.2

%‘ When the cultures, in addition to acetate, con-
tined 100 pg per ml of p-fluoro-br-phenylalanine,
the specific activities of 1, and E, were about 10%/,
of that observed in the control.

Table 3 shows that mutant IV-2 has a partial
Wock in Kz and 15, with the same responses to
seetate, Mutant 45-JII which is blocked in L, B,
and Eg, showed negligible I8, activity.

DISCUSSION

The enzyme catalyzing the reduetion of diacetyl
i£,) and the reversible reaction between acetoin and
23-butancdiol (E,;) (Fig.1) has been purified to
lomogeneity as judged by polyacrylamide gel
rketrophoresis. That these two reactions are catalyz-
td by one enzyme is, in addition, shown by a constant
EyE, ratio during purification. A 124-fold purifica-
tion of the enzyme was obtained, and it represents
ibout 0.89/, of total protein in the cell. The pll 6
ietolactate-forming enzyme (I,) has been obtained
ina 120-fold purification (0.8, of total protein) [2],
md acetolactate decarboxylase (E,) in a 145-fold
079, of total protein) [8]. This indicates that the

three cnzymes that convert pyruvate and diacetyl
to acetoin and butanediol represent approximately
2.3%, of total protein in the cell.

When the growing cultures were exposed to
acelate, the amount of 15, and B, increased in the
same proportion. The results show that the effect of
acetate is similar upon the formation of the butane.
diol-forming cnzymes (E;, B,, and E;) and diacetyl
recdluctase (1,).

Weo suggest that the enzyme is named diacetyl
{accetoin) reductase and a fortheoming paper will
deseribe its physical properties.

We wish to thank Professor S. Laland at the Department
of Biochemistry, University of Oslo, for providing facilitics
for this work.
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MILWAUKEE, WISCONSIN 53214 - PHONE (414) 476-3630

September 14, 1973

Dr. Humphrey F. Saffoon
Tracor-Jit Co., Inc.
1300 E. Gude Dr.
Rockwell, Md. 20851

Dear Sr. Saffoon:
Enclosed is a list of manufacturers who offer butter flavor intensifiers

3 under which starter distillate is listed. You will note that there are
& quite a few. :

E

4

Ht‘ / 915 WEST MAPLE STREET
!
1
4

oy

As T mentioned earlier, to our knowledge we know of no dher company who
{1 is producing a natural steam-distilled product such as ours. You will
i note there are several companies listed who offer this type of flavor
component. We do know that Chumleas Laboratories produce this product
E? which we think is a "synthetic". Ve also know that some of the other
‘ companies, i.e., Dairyland Foods, Msrschall Division, Moseley Laboratories
were at one time obtaining their products from another supplier. How-
= \ ever, it could be now that they are producing some of their own.

I hope this list will be of some assistance. I regret I cannot give
- you more details on the individual companies.

I know your assignment concerning the Standard of Identify of this product
has not been easy. I am sure, however, that you and your committee have

1 exercised good judgment. If we can be of any further assistance, please
- feel free to call on us.
’? With best regards,

Sincerely yours, '
CHR. HANSEN'S LABORATORY, INC.

@A//(%/%M

Robert L. -Sellars, Ph.D., Vice President
The Culture Research Center

r

L

{?  SELLARS/11

natural ingredients and colorants for the Food and Dairy industry...
Copenhagen, Denmark » Vincennes, France - Lubeck, West Germany « Reading, England » Milan, ttaly
Toronto, Canada « Milwaukee, U.S.A. » Mexico City, Mexico « Bluenos Aires, Argentina « Adelaide, Australia
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103 RYAN STREET + LEBANON, INDIANA 46052

Manufacturers and Distribuiors of:

Chumlea’s DISTILLED BUTTER STARTER

COTTAGE CHEESE COAGULATOR September 26, 1973

BUTTERMILK AND COTTAGE CHEESE FLAVOR

4
Dr. Humphrey Sassoon
Tracor Jitco Inc.
1300 East Gude Drive
Rockville, Maryland 20851

Dear Dr. Hurphrey:

We received your letter of September 19, 1973 rerarding the identity of Starter
Distillate.

Ye believe that the identification that you propose covers the product very
~satisfactorly.

As to safety as a food additive Hammer and Sherwood, lowa Agr. Expe Statlen
research bulletin Yo. 8,1923 report, that the main flavor ingredients in
butter culture are Diacetyl Acetic acid and Propionic Aeid.

These are the volatile Acids which are the main ingredients of Starter
Distillate and are found in 21l cheese and cultural dairy products.

The recommended use of Starter Distillate in butter will amount to one (1)
part diacetyl to 1,600,00 parts butters

Yours truly

CHUMLEA'S LABORATOBIES J

LWC/rp LEON W. CIUMLFA, President
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Acute and Short-term Toxicity of Diacetyl in Rats
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Abstract—The acute oral and intraperitoncal LDsos of diacetyl in rats lic between 3:0 and
3-4 g/kg and between 0-40 and 0-65 gfkg, respectively.

Rats were given 0 (control), 10, 30, 90 or 540 mg diacctyl/kg/day by oral intubation for 90
days. No adverse effects were found at the three Jowest dosage levels. The highest dosage level
causcd a decrease in weight gain, an increase in water consumption, anaemia, an increased leuco-
cyte count and an increase in the relative weights of the liver, kidneys and adrenal and
pituitary glands. Stomach lcsions scen at autopsy showed necrosis with infiltration by inflam-
matory cells.

The no-effect level (90 mg/kg/day) is equivalent to about 500 times the estimated daily
intake by man (0-17 mg/kg).

INTRODUCTION

Diacetyl (2,3-butancdione) is uscd to flavour foods, particularly baked goods, sweets and
ice cream. It is formed in milk during the ‘ripcning’ procedure that precedes butter or
margarine production. Diacetyl is now added to fully ripencd milk to augment the natural
aroma, the final content being 1-3 ppm (Andersen & Williams, 1965).

The use of flavourings in the UK has been reviewed by the Food Standards Committee
(1965), but so far no specific regulations to control their usc have been produced. Diacetyl

. is permitted for usc in foodstuffs in a number of countrics including the USA, France,

Belgium, Norway and Sweden.
Kectones are generally reduced to the corresponding sccondary alcohol in the mammalian
body, and these are eliminated following conjugation with glucuronic acid (Williams, 1959).

" The metabolism of diacetyl, however, has not been dircetly investigated. Jenner, Hagan,

Taylor, Cook & Fitzhugh (1964) found that the acute oral LDsq of diacetyl was 1580 mg/kg
in rats and 990 mg/kg in guinca pigs, but no other toxicological data arc available, ‘

* Present ad:_ircss: Institute of Experimental Pathology and Toxicology, The Albany Medical College of
Union University, Albany, New York 12208, USA. : '
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The results of acute and short-term studies on diacetyl, carried out as ffart of the BIBRA
safety evaluation programme, are reported here. : -

EXPERIMENTAL

Materials. Diacetyl, supplied by Bush Boake Allen Ltd., London, complied with the
following specification: Purity, 97 %; relative density, 0-975-0-990 at 25°C; refractive index,
1:393-1-397 at 20°C; solidification point, —1:0 to —4-0°C.

Animals and diet. Both sexes of SPF-derived CFE rats were used in these studies. Spillerg’
Laboratory Small Animal Dict and water were provided ad /ib.

Loss of diacetyl from diet and water. Diacetyl is highly volatile, and 88 9/ was lost from 4
powdered dict over 48 hr. There was no loss from a 109 solution in water alter 7 dayy
exposure, but when rats were given a choice of water or 1% diacetyl to drink, the average
daily consumption was 26-4 ml water but only 1-2 ml diacetyl solution. Because of the un.
palatable nature of diacetyl solution and the loss of the compound from the diet, intubation
was chosen as the method of oral administration. Analyses of diacetyl were carried out by
gas chromatography on a Pye 104 dual flame ionisation chromatograph using a 5-t glass
column packed with Porapak Q at a temperature of 180°C.

Experimental design and conduct

Acute toxicity in rats. Single doses of diacetyl were administered to groups of five adult
rats by oral intubation or by intraperitoneal injection of a 209 solution in water. The rats
were fasted for 18 hr before oral dosing, and after treatment were observed for 14 days for
signs of intoxication. Autopsics were carried out on selected animals at 14 days.

Short-term study in rats. Groups of 15 male and 135 femule weanling rats, housed five toa
cage, were given by oral intubation a daily dose of 5 mi/kg of a solution containing 0-0,
0:2, 06, 1-8 or 10-8% diacetyl in water, providing doses of 0 (control), 10, 30, 90 or 540 mg
diacetyl/kg/day, for 90 days. Food and drinking water were given ad lib. Body weight, food
intake and water consumption were recorded weekly. Hacmatological investigations were
carried out during wk 7 on blood collected from the tail veins of eight animals of each sex
from the control, 90 and 540 mg/kg/day groups, and terminally on blood collected from the

“aorta of all animals. The blood was examined for haemoglobin content, packed cell volume

and erythrocyte, reticulocyte and total differential leucocyte counts. Methaemoglobin levels
were determined on all terminal samples. Liver function was examined terminally by
measuring the activities of serum glutamic~oxalacetic and glutamic-pyruvic transanminases
(Karmen, 1955). Kidney function was investigated at wk 7 on six animals of each sex from
the control, 90 and 540 mg/kg groups and terminally on all animals. Urine was examined
for colour, pH, microscopic constituents, glucose, bile salts, blood and activity of glutamic-
oxalacetic transaminase. The blood urea nitrogen (Marsh, Fingerhut & Miller, 1965} was
measured terminally. The volume and specific gravity of the urine excreted in 2 hr after a
water load of 25 ml/kg were measured ; they were also measured after water deprivation for
6 and 16 hr.

After 90 days, all rats were killed and autopsies were carried out. Macroscopic abnormali-
ties were noted and the liver, kidneys, brain, spleen, heart, gonads, adrenals, pituitary and
thyroid were weighed. Paraffin wax scctions of these and of lymph nodes, thymus, urinary
bladder, stomach, duodenum, ileum, colon, caccum, rectum, pancreas, uterus and muscle

were stained with haematoxylin and eosin for microscopic examination.
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Acute toxicity in rats :
The LDs, valucs, calculated by the method of Litchficld and Wilcoxon (1949), are sum-

marized in Table 1. The oral LDs, (340 and 3-00 g/kg in males and females) is higher than

that found by Jenner et al. (1964). At high doses, death followed soon after convulsions. At
lower doscs, salivation, vasodilation and reduced motor activity were obscrved. Similar
effects occurred in animals doscd orally and intraperitoneally. At autopsy, no macroscopic
abnormalitics werc scen.

Table 1. Acute oral and intraperitoneal toxicity of diacetyl
in rats

. \ 514
: ~ RESULTS )

Routc of
administration

Sex

LDso (g/kg) with

95 % confidence limits

Oral Male 3-40 (3-18-3-64)
Female 3-00 (2:42-3:72)

Intraperitoncal Male 0-40 (0-34-0-48)
‘ Female 0-64 (0-57-0-72)

Diacctyl was administered as a 209 solution in water, and
cach dose level was given to groups of five rats of each sex.

Short-term study in rats

No differences between test and control animals were scen in the condition or behaviour
of the rats at any dosage level, Growth was retarded in rats given 540 mg/kg/day, from wk 2
in males and wk 6 in females. This was more evident in males throughout the period (Table
2). Water consumption was significantly increascd in both scxes given diacetyl at 540 mg/kg/
day from wk 3 onwards and over the last weeks of the study these animals drank 25-30%
more fluid each day than the controls.

The terminal haematological investigations showed that at the highcst level of trcatment
the haecmoglobin concentration was significantly reduced, the packed cell volume was
lowerced and the reticulocyte count was increased in both sexes (Table 3). The total leucocyte
count was also increased and this was duc predominantly to an increasc in ncutrophils.
Animals administered lower dosage levels showed a slight but not significant anaemia, with
1o indication of an increasced leucocyte count. Effects at 45 days were similar to thosc at
90 days but were less marked.

There were no significant differences between controls and test animals in the levels of
urca and enzymes in the scrum in either sex (Tablc 4). At the highest level of treatment, the
urine produced after 16 hr of water deprivation was slightly lcss concentrated than normal
in males but not in females. '

Significant changes in organ weight were found in animals receiving 540 mg diacetyl/kg/
day (Table 5). Tn general, males had lower absolute organ weights than controls. Their
terminal body weights were 259 less than the controls but decreases in organ weight were
smaller (5-15%). Thus, when cxpressed relative to body weight, the organ weights were
increascd. The exception to this was the absolute weight of the adrenal gland which was
significantly incrcased. In females, the absolute and relative liver, kidney and adrenal
weights were increased. The weight of the pituitary gland was increased only when ex pressed
relative to body weight. :

™

J. COLLEY, 1. F. GAUNT, A. B. G, LANSDOWN, P. GRASSO

A u»‘—«,

Table 2. Mean values of body weight, food consumption and water consumption of rats treated with diacetyl in doses of 0~540 mglkg|day for up to 90 days

Water consumption {ml/rat/day) at wk

Food consumption (g/rat/day) at wk

Body weight (g) at wk

Dose
level
(mg/kg/day)

-

i |

s |

N | H 3

12

12

ot

12

ot

Males

142 17-8 19-3 183 26:2 28-8 336 28-8
13-4 189 18-4 18-3 26:6 297 339 362
144 189 19-1 181 263 28-3 323 310
14-1 19-5 197 18-6 25:5 265 30-6 275
13-7 17-0 18-7 17-4 31-5 33:3* 42:4%%*  38-1*

404
402
393
398
3 R***

286***

352
352
348
347

263
259
261
258
2314%x

108
104
105
104
103

0
10
30
90

540

Females

184 234 260 129 158 163 147 232 251 303 285

95

285 285
285 27-8
317 27-8

243
253
280
29-0*

36.9*** B

35.4#**

232
239

152
147

27-0
293

16-4
14-7

155 16-2
16:6 159
16-4 165
153 16-5

129
12:7
12-6
123

7

5
256
262
238***

233 2
232

230 -

216*

181
180
185
180

94
94
95
93

10
30
90
540
+ Day 1 of feeding.

Body-weight val

mption are the means for three cages of five animals. Althoug

ervals are included in the Table.

is: *P < 005; ***P < 0-001.

Values of food and water consu

lues are the means for groups of 15 animals.

sthly int

only values at oo

Ys

1
N

ded week
dent’s ¢ test) from those of contro

owth and food and water consumption were recor
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Values marked with asterisks differ significantly (Ste
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Table 3. Haematological findings in rats treated with diacetyl in doses of 0-540 mglkg/day for 7 and 13 w.
Leucocytes ,
7 E)
' ) : Differential (%) \_ J
Do o 7 Retics Total .
; tHb PCV RBC T m
( 1’§(W'lday) (ou%c])) mi) (;I of Hb) (D) (105/mm»  (%of RBC) (10%¥mm’) N E
mg;Kg/ . i ° ”
' Wk 7
| . ‘ ' ‘ : 1 o0 84 2
- 866 16 18-090 13 2
Mate o ' s — ig ' 845 - 13 18760 1 2 g g(s) 2,
0 }ggm ' — - C43aen 7-82% 2.74% 25220 16 O
540 . o |
' R ' ‘ . 0o 8 2
O R V- T AR B N N
. . ' B . .
P ‘ ﬁ';m — ig 7-33** 19 21-120 7% 1 . 0  80** 2
ss0 . - . _
| S A- W ” 4 0 64 71
e : : 5-89 10 6770 25 7
Ml 0T 5o 23 D 858 10 g0 25 3 0 e 8
7 SRR -+ 24 46 842 1-0 6-530 21 3 0 & 8
0 C e 24 46 840 10 6380 25 30 e
528 ’ 11:9%2* 39 3orHn 871 1-8* 8-390
4 . .
e ' . 3 0o m 7
' ' . 7470 15 5:410 19 7
Female o o 13e gf 2% 738 18 5260 22 : g gg 8
® 13 27 a1 15 a0 2 40 e E
: . 1.7 .
0 1;-3*** %-51 1?) ’ ;g 2% g750%k*  33kxx 2 0 STH 8
540 © 12 :

Hb — Haemoglobin MetHb = Methaemoglobin PCV = Pac'(ed cell volume - é{BC ;lsRed blood cells
Retics = Reticulocytes N = Neutrophils M Eosmtophlls B = Basop _
) L= Lympbocytes M = Monocytes s 1 test) firom control
Val! the means for groups of eight animals at wk 7 and 15 at wk 13, and those marked with asterisks differ significantly (Student’s e )
alues are the me. :

values: *P < 0-05; **P < 0-0L; ***P < 0-COl.

Table 4. Serum and urine analyses of rats treated with diacetyl at 0-540 mglkg/day for 45 and 90 d'ays

'

.

(! e A]Q;QSSM :-i-n e Y ‘minta i1 “‘«;wm.;a LY

Urine -
Serum chcmistry - Concentration test . Dilution test
(0-2 hr)
Dose Urea . Addis Specific gravityt Volume (ml) —_—_
level nitrogen GOT GPT GOT count Volume Specific
(mg/kg/day) (mg/100 ml) [$18)] (1U) pH [(§18)) (10%hr)  Initial 0-6hr 16-20hr 06 hr 16-20 hr (ml) gravityt
Wk 7
Males O —_ —_ —_ 73 3-8 34 1-42 6-53 776 42 08 60 - 049
90 — — — 82 4-5 66 1-80 5-58 7-00 30 09 52 064
540 - —_ —_ 69 52 4-3 079 673 5-35 27 14 57 077
Females 0 . o — — 70 4-3 22 1-49 548 7-39 24 - 04 . 35 071
90 — . — — 715 4.7 1-4 1-84 591 7-58 1-4 0-5 27 123 -
540 - — — — 65 . 44 5-1 0-81 591 623 2:6 04 2-8 172
T ' Wk 13 : . 3 '
Males 0 169 52:0 9-3 79 4-0 32 2:39 3-81 7-86 37 07 - 91 0-32
10 : 175 . 54-1 95 8-4 30 32 077 4-88 7-21 3.5 09 63 - 040
30 . 17-7 54-6 9-8 82 3-0 27 1-14 3-89 7-51 32 06 7 T2 030
%0 - 167 501 95 &9 4-3 31 1-51 4:16 7-08 2-8 13 65 036 -
540. ’ 144 45-5 9-8 75 66 37 1-62 4-49 5-61 1-9 S 13 73 040
_ Females 0 . T84 489 97  — 33 2:8 2:15 381 719 23 0-4 56 - 045
10~ 17-6 44-3 97 — 35 2-8 1-76 4-08 694 16 06 . 56, 0-66
30 171 50-9° 9-4 - 4-6 31 1-83 403 7:20 14 0-5 .60 0-47
.90 17-8 40-7 -89 — 4-0 30 2-01 467 7-46 1-7 06 52 051
540 14-4 44-9 9:2 — 80 39 1-14 - 408 7-80 29

04 65 042

GOT = Glutamic-oxalacctic transaminase GPT == Glutamic-pyruvic transaminase
t Exprcsqed as (specific gravity x 100) —100.

ITI0SNY

Results of szrum chemistry are the means for groups of 15 animals and those of urine analysis are the means of six animals at 45 days and 15 animals-ter-

minally.
Tests for bleod, bile salts and reducing substances were negative in all groups.
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and relative organ weights of rats treated with diacetyl in doses of 0-540 mglkgl/day for 90 days

Heart

Table 5. Absolute
Brain
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Sex and
dose level
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en el o.::'\ "hwow _«% ) At. autopsy, sloughing ot"th.c squamov}xs epithelium'of the stox:nas:h was seei in 1.111 15 males
73333 S8&\KA & and in 14 out of 15 females given the highest level of diacetyl. This lesion was slightly more
;: severe in males than in females. Histologically, ulcers in both the squamous and glandular
* parts (Fig. 1) of the stomach mucosa were found. In the squamous part, these ulcers were
on s e 00 I o SugRa AanoRd =8 associated with hypertrophy (Fig. 2) or \Yitlx intercellular ocdema, which in one animal was'
ahdge LQLE=ER LR bwoow | §F severe enough to form a bullous-like lesion.
g'é A variable degree of infiltration by inflammatory cells, prcdominamly polymorpho- .
. & g nuclear, was secn at the base of the uleerated areas in the necrotic debris. No histological
oo D0 © < e 00 L ocmew 3 Eoé changes occurred in the stomachs of animals treated Wl.th the lower Eloscs_. There were no
Zoone Quaad SaRRa F39 o4 E p . other histological differences between test and control animals in any of the tissues examined,
“ 2
£ L)
H 2% DISCUSSION
AYIR2 =2383 25 § 2 § 3§ ;; ——,:, %,E Jenner et al. (1964) reported a lower oral LDs, (1-58 g/kg) than was found in this study
damo@o mmmTT °° _E E: (3-0-3-4 g/kg) although signs of toxicity seen in both tests were similar. Jenner e? al. (1964)
. . 5)53) administered diacetyl undiluted whereas a 209 solution of diacetyl in water was used in this
3 Pz x x g > trial.
A g :‘; aoeo z'; %ﬁ ot ;; 2 g E g a S8 In the short-term study, no cffect was seen at dose levels up to and including 90 mg/kg/day.
GZRIE Lwwwre  FoTT B2 In the 540 mg/kg/day dosage group there was a retardation of body-weight gain and an
C E ggn increase in water consumption, these elfects being more pronounced in males. It has been
E * . o i : 5£ shown that dictary restriction of 257 for 90 days led to a decrease in body-weight gain of
Tomog % e bR %"g ’;! ‘E °\°8 ‘i fé § % g E 85 approximately 18 % in rats (Dr. M. Sharratt, pcx;son}::l }cor;m;n(‘.jicution in 1969). Reductions
EANAAN mm T e R of a similar order were secnt in the present study. With the 259/ dictary resiriction the weights
g" G E% of most organs, except the liver, were increased relative to body weight. However, the
% N E “é:é increased relative weights of liver, kidney, pituitary and adrenal in.thc present test were
2oy & naagh B ES ©o NR[a ER _greater than could be accounted for by the reduction in body weight. Moreover, these
235568 0000 So0ee & ooeee 'é?) _organs were also enlarged relative to body weight in females, in which the terminal body
-;3 ot *"weight was decreased by only 99 compared with controls. ‘
. x 2 E 3 E ,,E, .. The anaemia seen at thl§ dose level can be accounted fox: b‘y haemorrhage from the
mneo Y mgeg & 23993 8% gme E,) 8 _ stomach.ulcers, while the raised polymorphonuclear leucocyicsis 1s probably a conseqacnce
A e boLOr AAAad aaaana 52 of infection of the ulcerated areas. : :
3 =1 Conditions of acute stress such as myocardial infarction, severe systemic infcetion and
. f»é " trauma without loss of consciousness are associated with an increased uripary ex.cretion of
eang {é e ama%d @7 Ny ; 2 . glucocgrtlcmds mdlcanv.e of mcreasc.d adfcnocortlcal activity (Symington, Currie, Curran
TOULLL 66000 cb0bd So0eoe = & Davidson, 1955; Symington, Curric, O’Donnell, Grant, Qastler & Whyte, 1958). In the -
. ' g Z; : rat, increased glucocorticoid production, as indicated by increased blood levels, is associated
. ok ' 22), '—3‘ . ~ with an incrcasc‘ in adrenal weight (Hatch, ka.Jc'rg, Zz}\vidzka, Cfllln, {\n‘th & Grice, 196‘5),
o e 1:0 - o= R L oo3ees .%é 53 qnd Wel.mr & Singhal (1965) s'h<')\ved that administration of c.ortxson.e increased the re]:{nvc
meEse PEEE 2 35586 00000 | g %nb liver weight in rats. Constantinides (1951) demonstrated an immediate enlargement of the
s ‘ N ‘é’n\: _kidneys in conditions of stress (cold, forced movement and formalin injections) with litte
' R “or no change in microscopic appearance of these organs. These observations suggest that
% E : {he increases in liver, adrenal, and kidney weights can be accounted for by the injury to the
: 55 . - . v S bare e , . b
o223 g 283 o c2g 83 282 % 58> slo,fn.;}ch cpnhc‘].lum. 1,le3 known ‘mttr. rclavué‘nshq?‘s’ bctwccg thc .a-dunal glf’x\nds 1(x‘1{d the
A A - o g 30\: adu‘n\{hypophysxs nay account for th\,‘mcruscd wgght of t].xc pituitary (D011Lfch, 1960). .
2 ”h LI g G, %ﬁ This study has shox‘vn that th'c no-cﬂcct level o('_dmcsty:l given oratly to rats.lor 90 days 13
2 @ = ui - 90 mg/kg/day. The likely maximum intake of diacetyl in man has been caiculated to be

approximately 10 mg/day (Table 6). In this calcutation dietary intakes were based on thos?

'
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. Ulceration of the glandular epithelium of the stomach of a male rat given 540 mg diacetyl/kg/day for
’ 90 days. Hacmatoxylin and eosin x40. .
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H;i. 2. }iyﬁcrtl'oplwy of the ;squz\m'ous epithelium of the stomach of a inale rat given 540 mg diacetyl/kg/day oK

for 90 days. Haecmatoxylin and cosin < 40.
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Table 6. Estimate of maxinuun daily intake of diacetyl by .

Possible
concentration Intake of Flavouring
Dictary of diacctyl constituent intake
constitucnt (ppm)* (g/day) (mg/day)
Soft drinks 10 500 50
Tce crcam 20 2-5 0-05
Sugar confcctionery 50 40 2:0
Flour confectionery (cakes 50 43 2-4
and biscuits) N
Jellics 20 03 0-006
Butter and margarine 3 35 0-105
Total... 9-:561

*Highest of maximum us¢ levels recommended by seven of the leading manufacturers
of flavouring matters. :

“given by the National Food Survey Committee (1967), except for soft drinks and sugar con-
fectionery which were assumed maxima. The diacetyl concentrations taken are the maxima
of those recommended by scven of the leading flavouring manufacturers. The calenlated
maximum intake level in man (0-17 mg/kg body weight) is approximately S00 times less than
the no-effect Jevel (90 mg/kg/day) found in rats in this study.

Acknowledgen:ents—The authors thank Mr. W, Shilling for carrying out the gas-chromatographic analyses,
They also acknowledge the technical assistance of the staff of the BIBRA Animal Housc and the Analytical
Chemistry, Pathology and Toxicology Departiments. o
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Toxicité aigué et A court terme du diacétyle chez le rat

Résumé-—Les DL, orales et intrapéritonéales aigués du diacétyle se situent respectivement
entre 3,0 et 3,4 g/kg et 0,40 ct 0,65 g/kg pour le rat.

Le diacétyle a ¢été administré par intubation orale pendant 90 jours 4 raison de 0 (animaux
témoins), 10, 30, 90 ou 540 mg/kg/jour. Aucun cTet défavorable n’a été constaté aux trois
dosages inférieurs, Le dosage le plus élevé a provoqué une diminution du gain de poids, une
augmentation de la consommation d’eau, de Panémie, une augmentation de la numération
leucocytaire et une augmentation des poids relatifs du foic, des reins ot des glandces surrénales
et hypophysaires. Les Iésions de estomac découvertes i Pautopsic montraient une nécrose
avee infiltration de ccllules inflammatoires,

Le scuil d'inditférence (90 mg/kg/jour) équivaut a environ 500 fois la quantit¢ que 'homme
est supposé consommer quotidicnnenient (0,17 mg/kg).

Akute und kurzzeitige Toxizitiit von Diacetyl an Ratten

Zusammenfassung—Die akute orale und die intraperitoneale LI, von Diacetyl an Ratten liegt
zwischen 3,0 und 3,4 g/kg bzw. zwischen 0,40 und 0,65 g/kg.
Ratten erhiclten 90 Taae lang per Schlundsonde Q (Kontrolle), 10, 30, 90 oder 540 mg Dia- '
cetyl/kg/Tag. Bei den drei niedrigsten Dosicrungen wurden keine nachteiligen Wirkungen
beobuchitet, Die hochste Dosicrung verursachte eine Verminderung der Gewichtszunahme,
eine Echohung des Wasserverbrauchs, Aniimie, cine Erhohung der Leukocytenzahl und eine
Zunahme der relaliven Gewichte von Leber, Nieren, Nebennicren und Hypophyse. Bei der
Autopsic fanden sich am Nagen entziindliche, zellig infiltrierte Nekrosen.
Die wirkungsfreic Dosis (90 mg/kg/Tag) entspricht etwa dem 500fachen der geschiitzten
tiiglicken Aufnahme durch den Menschen (0,17 mg/kg).

bso



5: 4 v sbnbi

JeUaNAL OF BACTERIOLOGY, Sapt. 1970, p. 531-515
Cepyeight @ 1970 American Society for Microbioloay

«

Vol. 103, 1N0. 3
Printed in U.S.A.

Q351

Roles of Acetate and Pyruvate in the Metabolism
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1s diacetilactis
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Streptococeus diucetiluctis required acetate, contained acetate kinase and phos-
photransacetylase, and incorporated both radiozctive exogenous acetate and ace-

tate from citrate into cell lipids. pl-a

-Lipoic acid replaced acetate and was

required for the oxidation of pyruvate. Stimulation of S. diacetilactis by citrate

was found to depend on pyruvate oxida

tion. Resting cells of the organism pro-

duced acetate from 739 of the pyruvate they utilized. However, molar growth
yields from glucose were rot greater under aerobic compared 10 anasrobic condi-
tions or when lipoic acid or citrate plus lipoic acid was used in the medium in place
of aceiate. Data indicate that the growth of S. diacetifactis is limited by the rate of
acetyl-coenzyme A synthesis, that the rate of synthests from pyruvate is highsr

than the rate from acetate, and that lack

of acetylcoenzyme A not required for

growth limits the production of diacetyl and precludes the formation of adenosine

triphosphate from acetyl-coenzyme A.

Collins et al. (5) found that the partially defined
Medium devised by Niven (27) required addition
of acetate or Reticulogen, a refined iiver prepara-
tion, to support the growth of several strains of
Streptococcus lactis and S. cromo {5, organisms
Slosely related 10 S. dizeeris Reed et al. 31)
found that the erowth facu Hiver that sub-
Slituted for acetaie in media for S. lactis was
«-lipoic acid.

Either acetate or yruvats c2n o serve as a
recursor of acotyl-coenzyvme 2 CoA), From
Prruvate, following dec on and forma-
lion of an acetaldehvde ine oyrophosphate
app) complex, lipoic acid is invoived in transfer
O the acyl group of the azetalichyCe-TPP com-
T to CoA (5, 10, 11, 28, 2v: From acoiis,
there are two mechanisms for the forrmation of
eivl-CoA. One mechanisin oocurs in animal
lissues, yeast, and some bacteria and involves a
single enzyme, acetyl-CoA svathetase (17), The
Other, restricted to bacteria, involves two cn-
¥mes, acetate kinase (19) and phosphotrans-
dcatylase (39).

This work was undertaken to define the ace-
le requirement of S. diacetiluctis and determine
B¢ mechanism of acetate wilization by this
Organism in relation to pyruvate oxidation and
the potential for formation of diacetyl and acetoin
¥ known mechanisms (4, 38).

MATERIALS AND METHICDS

Organism. The organism studied was S, diacetiiue-
tis DRCY (24, 41), which was propazated routinely at

S

22 Cin litmus milk. Identity of the culture Wwas ascer-
tained periodically by checking it for sensitivity to iis
homologous bacteriophage, . Jeeealis strain 10 Cl
was propagated at 37 C cither in litmus milk or on the
nutrient agar medium described by Stokstad et al.
(40).

Media. The partially defined, lipoic acid-free me-
dium used to grow S. diacerilactis was the same as that
reported by Harvey and Cobilins (15), except that 0.49, .
glucose replaced lactose, citrate was oraitted, the
casein hydrolysate content was increased to .27,
pantothenate (1.0 pg/ml) and pyridoxal (1.2 pe/mb)
were included, and the medium was adjusted to pH
6.8. {it has been reported that some casein hydroly-
sates have law levels of methionine (13, but addition of
bt-methionine (1.0 gg/ml) to the basal medium did
not enharce the prowth of S. diacerilaceis.] In some
experiments, Dr-edipoic acid {10 w/mil repiaced
soium acetate 0.2'7). The fipoic acid-ree basal
medivm used to grow . fuecuiis was described by
Guunsalus et al. (13}, Tryplone broth contained 1.07
tryprone, 1L.0% yeast extract, 0.5 K.HPO,, and 0.17,
glicose, and wus adjusted to pH 6.8. i

Inecula. Cell suspensions prepared as folluws were
used as inocula in experiments to determine the ace-
tatz-replacing ability of various chemicals and the
growth responses of S, diaceriluciis to acclute or
lipoic acid. Cells were harvested from the basal -
dium {tryptone broth in one experiment) by centrifu-
gation, washed three times in 093 potassium
phosphate buffer (pH 6.8, and suspended in basal
mediunt without acetate, Enough cell suspension was
added 1o euch flask o test tube of an evperiment to
wive an iniuad optical density (ODs at 6u i of 0.0
or 3.02. Growth was considered to be negative in those
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flasks or tubes in which the turbidity did not increase
during incubation for 36 hrat 32 C.

Measurement of growth. Bacteriab growth was fol-
lowed by periodically measuring O at 600 nm with a
Buckman spectrophotometer, modet DB, with lcm
cuvettes, Cell mass was determined from a standard
curve relating OD to dry weight. An OD value of 3.72
represented 1 omyg (dry weight) per ml for S, divce-
tilactis DRC! cells harvested in either the exponential
or the stationary phase of growth. This relationship
was linear up to at least an OD value of 0.6.

Cultures generally were grown statically at 32 Cin
an atmosphere of air. Aerobic conditions, where indi-
cated, were accomplished by sparging the medium
with sterile air passed through a sterile water train at a
rate of 20 mi/min. Anaerobic conditions were ob-
tained by purging with sterile nitrogen prior tc inocu-
lation and subsequently bubbling niirogen (99.999¢,
pure) through the medium at a rate of 1 to 2 m!,/min.

Cell-free extracts. Cells of S. diacetiluctis were
harvested from the indicated medium near the end of
exponential growth by centrifugation, washed three
times with cold 0.0 M tris(hydroxymethyliamino-
methane-cysteine (Tris)-cysteine butfer at pH 7.0
(0.001 »1 with respect to L-cysteine), and resuspended
in Tris-cysteine buffer at a cell density of ca, 30 my
(wet weight) per ml. The cells were distupted with
0.2.mm glass beads (50%, w/w) in a Mickle tissue
disintegrator operated at 6- to 8-mnm amplitude for
50 min at 4 C. The crude extract was centrifuged at
15,600 X g for 40 min at 0 C in a refrigerated cen-
trifuge. The supernatant fluid was decanted, dialyzed
against 100 volumes of 0.01 s Tris-cysteine buifer (pH
7.0} for 24 hr at 4 C, and stored at 0 or —20 C. For
certain indicated experiments, the extracts were treated
with anion-exchange resin (acid-washed Dowex 1-X2)
to remove CoA (3). [This procedure also removes
oxzlacetaie decarboxylase (13).]

Aswiytical procedures, Acetate kinase and phospho-
transacetylase activities in cell-free extracts wera deter-
mined with the hydroxamic acid method of Seamen
(35). One micromole of hydroxamic acid corresponded
to an absorbancy of 0.14 at 540 nm. A unit of acetate
kinase activity is the amount required to produce 1
umole of hydrosamic acid per min, and specific ac-
tivity is the number of units per milligram of orotein.
The reuction exhibited zero-order kinstics for 10 min,
and the reaction rate was proportional to concentra-
tion of the enzyme up to 0.4 unit per ml. A unit of
phosphotransacetylase activity is the amount required
to catalyze the ursenolysis of 1 pmole of acety lphos-
i nin. Specific activity is nurhber of units per
milligram of protein.

Pyruvate oxidation was determined by the method
described 5y Guasalus et al. (13), which involves
measucement of the oxygen consumed by conven-
tional Warburg manometric techiniques (43). Oxygen
Lptike was measured at 37 Clor S, fuecalis and 2t 32 C
for 8. diacetilactis. The assay systems contained 510 6
mg of ceils (dry weight). Pyruvic acid was determined
by the method of Fricdmann and Haugen {9). Acctoin
and diacetyl were determinad as the sum ef hoth com-
pounds by the method of Westerfeld (45).  Citrae
wos determined by the method of Marier and Boulet

O=3x1

J. Bactirigy,

(23). Glucose was determined by the modified ap,
throne method of Ecker and Lockhart (8). The proteip
In cell-free extracts was determined by the method of
Lowry ¢t al. (20} with bovine serum albumin used as
the standard.

Radivactivity measurements were made with an
SC-16 windowiess flow counter and a Versamatic HE
sealer (Tracerlab Inc, Waltham, Mass.).

Chemiculs, Sodium acetate, sodium citrate, sodium
arsenite, and potassium arsenaie were commerg;y)
crystalline reagent grade. The nucleoiides, nucleg.
sides, crystalline Du-a-lipoic acid, sodium accliugs.
2-BC, sodium citrate-/,5-1C, the potassium sal; af
adenosine triphosphate (ATP), adenosine monophg.
phate (AMP), adenosine, sodium and potissium
pyruvate, and the N,N'-dibenzylethylene diamin,
salt of mevalonic acid were obtained from Calbijg.
chem (Los Angeles, Calif). CoA and lithium oo u
phosphate were obtained from Sigma Chemical ¢,
(St. Louis, Mo.). Free mevalonic acid was prepared
from the salt by adjusting an agueous solution of tha
salt to pH 113 with 3~ NaOH, extracting three tinyg
with an equal volume ol diethy! ether, and remeving
the ether in vacuo. Dihydrolipoic acid was prepared
from pL-a-lipoic acid with sodium borohydride by g,

method of Gunsalus et al. (12) as moditied by Reiss
(32). Vitamin-free casein hydrolysate, crystaliine al.
bumin bovine plasma, and N-ethylmaleimide were oh.
tained from Nutritional Biochemicals Corp. (Cleve.
land, Ohio).

RESULTS

Response to acetate. S. diacetilectis required
acetate, though occasionally growth occurred
in the partially defined medium lucking acerate
Maximal cell yields (0.298 to 0.306 mg of dny
cells per mi} were oblained with acetate coq.
centrations 6f 0.8 to 2.0 mg‘ml, maximal specise
growth rates & = 0.658°hr) occurred winh
coneentrations of 1.0 to 40 mg/ml, and the
shortest lag time {2 hr) occurred with 2.0 mg . ml.
A plot of the maximal yield data indicated tha
the rasponse of S, diacetilactis to acetate wys
linear, sim:iar 1o that reported for Lactobacills
acicdoptiius (371 Concentrations of acetate aboye
8.0 mg ‘ml generally were inhititory.

Growih in ihe absence of acstate occurrsd

morz often in tests in which the inoculum was ¢
large (093 mg of dry cells per mi), but {hos |

cultures that grew could not te seria'ly transterred
in the medium lacking acetate. Cell yiekls were
low, lag periods were lony, and specific growth

rates were fow (& = 0.3/hr). We were unableic
isolate a nonacetate-requiring mutant, and sterili-
zation of the medium by filtration did not pre-
vent the occusional growth in the absence of
acetate. :
Substitutes for acetate. pr-a-lipoic acid, re
duced lipoic ucid, and natural substances con
taining lipoic acid (yeast extract and liver ex-
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wract) replaced acetate. Maximal cell yields were
{ P

atwined with pL-e-lipoic ecid wuncentrations of

vd2 ngoml or greater, and half maximal yields
were obtained with 0.01 ny/ml. These concentra-
wns are double those that should have been
chtained with L-lipoic acid, since only the L
wrm of lipoic acid is biologically active (1o, 4.
S. tlactis and 8. cremoris required 0.02 ng 'm! and
310 20 ng/ml, respectively, for half maximal
vialds (21, 31).

Nene of the following substances or alterations
¢f the partially defined medium replaced acetate:
10 mg of Tween 80 per ml, 4 mg of sodium citrate
perml, 0.5 pg of mevalonic acid per ml (40), 2
mg of B-ulanine per mi, 1.2 mg of sodium pyru-
wate per ml, 0.1 mg of g-lipoic acid per ml (30},
emission of ferrous ions (22), increased glucose
1#2), increased nucleosides und nucleotides (22),
or incubation under anaerobic conditions (36).

Pyruvate oxidation. We tested S, diacetiluctis
10 determine whether this organism has a lipoic
wid-dependent pyruvate dehydrogenase system
similar to that reported for S. fuecalis (13, 28, 29).
S, diacetiluctis contains reduced nicotinamide
adenine dinucleotide (NADH) oxidase (38, s0 we
tsed the method of Gunsalus et al. (13). Resting
tils of S. diacetiluctis harvested from the basal
medium oxidized pyruvate only when lipoic acid
%35 present (Table I). Arsenite inhibited the

TasLe i, Cxidation of pyvruva:e by re ting cells of
S. diaceiilac:is or 3. Fiocud:

Source of lipoic acid

S.
| Jaecalis

None ’

Slw-Lipoic acid (10 4g) | 15 | o i135
“WSidual  from  tryptone | 14 P 6as
broths
lated extract of §. dia-
Cerilactiy cells harvested

rom basal medium (1.4
Mz of protein)

Teaced extruct of S, dia-
Ceiflactis cells harvested
from tryptone broth 2.0
mg of protein)

..

" A, no addition; B, sodium arsenite (20 prsioles)

ded,

(&3
)

81

|
i
!
|
I
}
i
{
i
i
i

" The cells used in these assays were harvested
fom tryplone broth.
“With sodium arsenite (20 unoles, added, 1.7
Alitery of oxygen were consumed per hr per my ol
'y cells,

i
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oxidation, as it did the oxidation of pyruvate by
S. faecalis (11). Cells of S, diucetitactis or S,
Jaecalis harvested from Lryplone broth, however,
oxidized pyruvate without added lipoic acid
(Table 1). That these cells had accumulated
lipoic acid during growth in the iryptone broth
wus indicated by the fact that heated extracts
prepared from cells of S. diacetilactis harvested
from tryptone broth replaced lipoic acid in the
oxidation of pyruvate by resting cells of §. fuecalis
(Table 1),

Stoichiometry of the reaction mediated by S,
diacetilactis was indicated by measurements of the
pyruvate and oxygen utilized by cells of the
organism harvested from the basal medium.
Without addition of lipoic acid to the reaction
flasks, the resting celis produced acetoin plus
diacetyl from 89¢% of the pyruvate that was
utilized. With 3 ug of lipoic acid added, they
utitized 33.3 gymoles of pyruvate, consumed 12.1
pmoles of oxygen, and produced 3.0 gmoles of
acetoin plus diacety! (from 6.0 cmoles of pyru-
vate). The amount of acetate produced, calcu-
lated from the amount of oxyegen utilized, was
242 pmoles, leaving 3.1 umoles of pyruvate
unaccounted for in the results.

Stimulation of growth. Citrate stimulates the
growih rate of S. diucetilactis about 35¢% under
some cultural conditions (15). Qur results shaw
that stirmulation depends on the oxidation of
Pyruvate (Table 2). S. diacetiluctis was not
stimulated by the addition of citrate {0.157) to
the partially defined lipoic acid-free casein-
hydrolysate medium, though an increase in the
production of acetoin plus diacetyl showed that
the citrate was brokea down. With lipoic acid

TABLE 2. Influence of lipoic acid on the growthr rate
of S. diacetiluctist

a4 tyi

i
|
|

Ly
Medinm alteration® ies! | produce

¢ mag, Lemnles!
j dry wt) | mg. dey
! ' wt}
~ | ! .’
None | 0.682 | 7.8
Plus citrate (0.1v7) f 0.536 9.7 20,1
Plus sodium lipoate (10 10.768 ¢ 0.0

pg/ml), minus sodiumi

acetate i ;
Plus sodium lipoate (10 J 0.785

pg-ml) and sodium ci- |

trate  (0.1°,: minus

sodium acetate ! : :

*Growth reniperiiure was 32 O,
& Unaltered medium was the pactaily detina
cascin-hydeolysate mediom, rH 6.5,
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added to the medium in place of acetate, pyru-
vate prodiced from glucose could bu oxidizud,
and the orguanisn wius stimafated whetier O not
citraie was added.

Cell vields. Resting cells of 8§, diacetiluctis
converted pyruvite 10 acetats &y did colts ol 5.

fascadis, but previous experiments had indicated

thal S, diccerilactis ditfers from S. fuecalis by not
gaining energy from utilization of citrate or
mravate (7, 13, 25, 26). Present results substan-
tiated carlier findings. With glucose limited 1
the ' basal medium, cell yields per mole were not
significantly greater under acrobic compared to
anaerabic conditions, with lipoic acid used in
place of acctate, or with citrate plus lipoic acid
used in place of acctate.

Activation of acctate. Dinlyzed cellfree ex-
tracts of S. diucetilactis that had been treated
with Dowex 1 to remove CoA activated acetate,
and the activation was dependent on ATPE. Addi-
tion of 12.5 units of CoA to the reaction mixture
did not stimulate the activation, indicating that
this organism contains acetate kinase rather than
acetvl-CoA svathetase. Utilization of acetyl-
phosphate by the extratts depended upon the
addition of CoA, showing that they contained
pho;photransacet_\‘lasc. The acetate hinase and
phcsphotrunsacetylase activities of extracts pre-
pared from cells grown in tryptone troth were as
great as those of extracts prepared from cells
grown in the presence of acetate, indicazing that
these enzymes of S. diacetilactis are constitutive.

Properties of acetate kinase. The properties of
the aceiate kinase of S. diacetifaciis were similtar
in most respects to those reporied for the acetute
kirases of other organisms. The optimas pH for
its aciivity in dialyzed Dowex 1-treated cell-free
exiracts -of cultures grown in the partially de-
fired medium, tryptone broth, and tryptong
broth plus 0.2¢, acetate was 7.4, simtlar to that
reported for Escherichia coli and S. kemolyticus
(3C. and Desulfovibrio desuliuricans {2;, some-
what ahove that reported for Closiridium acidi-urici
(34:. Treatment of the extracts with ethylene-
diaminateiraacetate or omission  of divalent
mera jons from the reaction muxtere nrevented
sotivation of acetate. Mgt and Mn*t were
. affeciive in the assay systzm, Cot¥ was
~ as effective os My-T or Moo, and Cutr
Tective.
of the fol'owing replaced acetate in the

Sitrate (640 wpmoles), butyrate (160
sropionate (640 wmolest, or formate

) wmolesy, similar to the findings for D.
wen furicens (2). Neither adenosine diphosphate
© AP replaced ATP N (e forward reaction,
sumscnticting the findings of Rose et al. (335,
Noethsimaleimide (5 pmoles) inhibited the en-

COLLINS AND BRUHN
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zyme, and addition of t-cysteine (10 pmoles)
prior to the addition of N-ethylmaleimide gave
prolection, indivating, 43 did the results of Ro.,
ot al. 33 and Brown and Akagi (2, that ace.
tate kinase has an essential SH group.

The half-saturation concentrations (K., deter
mined by conventional Lineweaver-Burk ploy
(18 in 1.0~ Tris buTer with extracts of oy
grown in the busal medium, tryptone broth, ang
tryptone broth plus 0.27; acelate, were 0.136
0.145 a1, and 0.136 x, respectively. These va‘.lucg
were close to the value reported for E. coli (33 L
but different from that found for D. desulfirican;
(4.5 > 10718 reference 2). Specific activities of
the ancetlate kinase in extracts prepared from
cells grown acrobically and anaerobically in 3
varietv of media were essentially the samy
indicating that neither the presence of oxygen
during growth nor complexity of the growy
medivm greatly influenced the level of acotar
kinase activity.

Incorporation of acetate into cell material. §
diacetiluctis was grown in the following medium
supplemented with 1.0 e of acetate-2-11C (37 fii
counts/sec) with and without the addition ¢f
0.57; citrate: 0.25¢% lactose, 0.257;  cusai
hydrolysate, 0.23C yeast extracy, 0.30¢, KH.PO,
0.100; NaHCO,, 0.02¢ NMaSO,, and 0037
acetate, adjusted to pH 6.4, Near the end ¢
exponential growth, the cells from each culur:
were harvested Ly centrifugation and washe?
once with 2 citrate-lactate-acetotn  solution
(0.237 of cach), once with a pyruvate-bicar
bonate solution (02557 of each), and twice wit ;
distilled water. The cells were then suspended iz
water, and samples were plated for countirg
The remaining cells were dried, and the lipids
wera exiracied with hot 93% ethanol by th: -
procedures descrited by Harvey and Collins (13

Radioaciivity measurerments showed that the
cells had incorporated acelats into their lipids
Cells that had teen grown in the absence of
citrate incorporated an amount of radioactive :
carbon 2qual to 1.78 gmoles of acetate per mg o
cells (dry weight). Those that had tezn growai
the presence of citrate incorporated a smali:
amount of radioactive carbon, as was expectsd |
since acetate and pyruvate are products of it

(13) and should have diluted the radicactivic
The amount incorporated was equal to U5
pmole of acetate per Mg of cells (dry weight
That acetate from the citrate was in fact ineet

porated into cell material was estublizhed in-s

similar experiment in which the medium o

taining 0.5 citcate was supplemented with i

of citrate-£,5-1'C. Radioactivity from the cite:

equal to 2.18 gmoles of acetate per mg of ce s

(dry weight) was found in the lipid fraction.
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DISCUSSION

The first steps in the syithesis of fatiy acids
from pyruvate or acctate involve the formation of
acety-CoA. Results indicate that S, diacetiluctis
formms acetyl-CoA from pyruvate by means of a
tipoic  acid-dependent  dchydrogenase  svstem
similar to that reported for S. fuecalis (13, 28,
261 or from acetate by means of acetate kinase
and phosphotransacetylase. Vith lipoic acid in
the partially defined cascin-hydrolysate medium
in place of acetate, the organsim obviously
secured sufficient pyruvate for the synthesis of
acetyl-CoA, probably from the metatolism of
gucose. That pyruvate not required for oxida-
ton of NADH or cell synthesis was derived from
tke medium containing acetate was indicated by
the formation of 7.8 pmoles of acetoin plus
diacetyl (Table 2).

Resting cells of 8. diacerilactis in the preseace
o lipoic zcid formed acetoin plus diacetyl from
only 18¢7 of the pyruvate that was utilized.
Most of the remainder (73¢; of the total), deter-
mined from the amount of oxygen utilized in
oxidation of the NADH that was formed in
the reoxidation of lipoic acid, was converted via
xetyl-CoA to acetate. Not more than 9¢; of the
Pyruvate that was utilized could have teen
onverted to acetaldehvde since the formation of
etaldehvde from  acets]-CoA  would have
iesulted in a proportional decrease in the con-
ssmplion of oxygen. This oxidation of pyruvate
2 acetate probably invelved the actions of phos-
Photransacetylase and the ATP-dependent ace-
122 kinase that we have found the organism to
Pessess. Yet, we found that the cell yield of S.
diacefiluctis, determined vnder aerobic conditions
0 132 basal medium contatming a growth-limit-
‘g amount of glucose, was not increased by the
“dition of lipoic acid pics citrate as a source of
v¥ruvgte. These results, which are supported by
results of Hurvey and Coilins {13, indicats
et te growing cells did not zet from acetyi-CoA
rugh ATP to influence moiar growth yiclds,
e the organisin hus an ATP-dependent ace-
tap. Kinase, we inlerpret the results to indicate
2t in growing colls uf S diccetifuctis the amount
S aeetyl CoA that is available for use in the
rmation of ucetile is severcly Hmited.
The growth rate of S, diveetiluctis was increased
¥ the substitution of lipoic acid for acetate in the
Partially debfined medivm, suggesting that the
fale of acetyl-CoA synthesis from pyruvide is
higher than the rate from acctate. Nevertheless,
the organism incorporated 1nto cell lipids toth
Ketate from citrate 7,5-"C und, also, exogenous
Wetare.2-4C from a medivm  that  contuined
titrate. In cach of these cases the medium con-
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tained 0.2577 yeast exiract as a source of lipoic
acid. This use of acetate as a precursor of acetyl-
Coain the presence of pyruvate and lipoic acid
indicates that pyruvate oxidation did not mee
entirely the biosynthetic demands of §. diacetilactis
for acetyl-CoA.

Our results and published molar growth yield
data (15, 23) indicate that in growing cells of .
diucerilactis very little, if any, of the acetyl-CoA
formed from pyruvate is available for the produc-
tion of ATP. Other data (15) show that excess
pyruvate that is not needed for oxidation of
NADH or cell synthesis is converted primarily to
acetoin plus diacetyl. Together, these resuits
suggest that the formation of acetyl-phosphate
from acetyl-CoA is limited in growing cells of this
organism and, consequently, that any acetyl-CoA
not requiied for cell synthesis is used primarily for
the production of diacetyl rather than acetate.
This possitility, however, is not supported by the
results showing that resting cells produced ace-
tate [rom 7397 of the pyruvate they utilized.

The production of acetoin does not involve
acetyl-CoA, but the production of diacetyl de-
pends on the availability of acetyl-CoA not re-
quired for cell synthesis (4, 38). Numerous reports
show that §. diacetilactis and other organisms
that produce diacetyl produce much smalier
amounts of it than they do of acetoin, and some
microorganisms that produce acetoin do not pro-
duce deteciable diancetyl (3, 38). Such findings
suggest that growing cells of several species be-
sides S. diacetifuctis produce little acetvi-CoA in
cxcess of that required for cell synthesis.
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Metabolist of Acctoin in Mammaliz

AL-KHALIDI -

n Liver Slices and Extracts

QeG4

793 .

Tntane-2,3-diol dehydrogenase was de

graphy and clectraphoresis.

‘&\E)Uloil] (3-hydroxybutan-2-onc) is preduced in
"‘?“}ﬁcant amounts as o by-product of the mam-
. :"i‘l;’lll Bymvato decarboxylinss rcqction (BC
o 1) (Schweet, Fuld, Cheslock & Taul, 1951).
Tuis production is ineressed by the et aldehyde
:‘:‘”“l'&-rl afler the consumption of sleohol (Lubin &
terfeld, 1045). Acotoin also occurs &8 o minor
""h“‘ﬁ{ncnt of many foodstuffs.
, '_”,‘0 catabolism of sceloin in mammals has
! Peeived littlo atlention. Doga (Greenberg, 1943)
:::.l:;‘t?" (Dawson & Hullin, 1954a.) inj.'.‘c:(‘cd with
* ompound metsbolizad it rather rapidly.
'.J“m"f"‘ﬂ' (1953, 1955) reported that liver slices,
‘t' ot bomogenetes, were capablo of convorting
: t"i“m into hutano-2,3-diol; however, the product
o pesuever solated and was jdentified solely on tho
o s of acslaldehyde production in tho preserco of
F‘:rlodm@_ v :
\(,{1?)‘:71}0 pmsenb.}.mp('tf we repord ﬁltﬁ enzymic
Shwsis and purification of [t4Crectoin and the
Hon, identification and detorminatien of the
,,;T])I‘]; f“-I‘XT‘I of (-}}0 bv‘xt:mo-‘.),..‘!-(\iol "{)I‘U(]ll(’j’(] on
n I"n}j :(;" of acetoin with rnd 11\:(\:‘ minco. We also
Mgy 1}9 I‘Y:ﬂp:!ruhnn of lt.‘\l-iz‘<~t? (wh‘ﬂcf-f. from
+ Yinen ' hin Hver eapablo n.l 1'1\(,1.l:(emg aontoin and
. "W and the purtiol }*ln';ﬁm\'.mnmul wormo of the
1‘1}:?"“ “f‘ the enEyines im‘n\vvd. Owr renulta
(.(!'\:‘i;;-‘ thatin 111»'._71)711.":1.9!\ Jivor, sep ;.r(u CnTymes
50 tho reduction of ueelom and bincetyl,

. butanc-2,3-dio} wero obtained. 'These it

A different enzymes: acctoin dehydrogenasa (FC 1.1.1.5)
p . hydrogenase (320 1.1.1.4), proviously identified in bacteria. Dothrequired NADT or
NADP* as eofactors and were diffevent from aleohol dehydrogenasse. Tho equili-

" brium in both cnses faveured the moro rechiced compound, 4. The
cransed by dialysis against EDTA: the

was [o]2? —78°. 2. Large amounts
3 ol

g- ‘ INTERCONVERSION WITH BUTANE-2,3-DIOL AND BIACKTYL
g i :
By M. A. GABRILL, HALFA JABARA axp U. A. 8. AL
- } Departwent of Riochemistry, School of Medicine, American University of Beirut, Deirut, Lebanon
i .
i (Reccived T October 1970) '
5 ‘ , - .
f 1. [P*CJAcctninwas enzymically synthesized from [14Cipyruvate with o pyruvato
& 4 ' deeorboxylnze proparation. Its optical setivity
4 i * 1 (10n0-fold higher thon physiological concent rations) of acetoin wero inenthated with
i" b0 rat liver mince. Acotnin disappeared but vory Hitlo 140, was evolved. A com-
i © pound accumulated, which was puritied and identificd as hutano-2,3-diol. Chrom-
i . alography on borate-impregnated paper indieated tho prosoneo of hoth the erythro

and fhreo forms. 3. Liver exiracts o pabls of interconvert ing bincetyl, acotoin and
oreonversions were catalysed by two

aned butane-2,3-diol de-

tivity of

addition of Co?*, Curt, Zn?* and other bivalent metal ions restored aetivity. 5.
Biacetyl reductaso wes resolved into multiple forms by C3M-Sephadex chromato-

MATERTIALS AND METHODS

Preparation of liver mince. Albino rats of the Sprugue—
Dawley strain and rabbits were obtained from the .
animal house of the American University of Beirut.
Animols were killed hy decapitation and the liver was
quickly removed. A minee was prepared by cutting the
Livers into smal picees (less than 2mm across) with
scissors. .

Preparation of acctone-dricd porder exlracts. Rat or '
rebbit livers (freed from gell Bladder) were blended for
Tmin with 10vol. of acetone at --18°C and quickly filtered
by suction. The eako was reblended twice with the same
volume of acctone. Finally it was dried over P05 in
racio; slorage was in screw-cap hottles over CaSQ, at
-12°C. '

Tixtracts were prepared by homogenizing the powder
for 2min in a Potter-Blvehjent homogenizer at 0-4°C with
5vol. of 0.05m-sodinm phosphate buffer, pH7.4, and
centrifuging at §C0g for I5min. .

Jrresh liver cotroct, Fresh liver was out into small picces
and homogenized in a Totter-Elvehjem homogenizer at o
0°C with 5 vol. of 0.05x-sndium phosphate buller, ptL7.4,
ant centrifuged at £000g for 15min. :

Chemieals, {PCIPyruvate was purchased from Tho

tadioehemienl  Centvo (Anwrs}mm, Bucks, UK.

Acctoin, ollained fram Fastman Organie {"hemicols
{Rochester, WY, (.5.A.), was twice distilled at 50°C and
o spmife, Ahe distillate was left to dimerize at 47C and
the yeHowish-white colid obtained was washed with
aleghol and dried fa rocun’ Tutane-2,3-diol ohtuined

< *
S ’
i
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‘frum K & K Laboratosics (Plainview, N.Y., UHA) was
distilled 1t 70-50°C and 2-Gruuby, the fiest and lust
fractions being dis arded, :

Biacetyl (purissima) was obtained from Koch-Light

Laboratorivs btd. (Cotnbreok, Dugks. UK.} sud wsed
\ » »

without furlher puritieation,

Padiowcticily measurcments. Samples were cither dried

on eoncentric planchets and counted for radionctivity ina

gas-flow counter with an efticiency of 309, and corcested

Cfor sclf-alovption whenever necessary or dded tot
"sample of a solution of 4 of 2,5-diphenyloxazole and
. G0myg of 1,~1-bis»(5-phonylovaul-‘l»_\*l)bvu’z ene in 1 livee of

tolusno and the radioactivity was counted in n Jiuid-
scintillation spestrometer andd ecorroeted for efficiensy by
the internal-stundacd method.  For comparison radio-
activity is expressed ag d.pan.

Determination of acetoin. Aeetoin was Adetermined by
the method of Westerfeld (1933). Tho method  was
modificd fur solutions that had been treated with HCLO,
to remove protein, then peutralized with KO by prssing
the neutral protein-free fittrate [3ml of samplo 1 ml of
1095 (w/v) codium tungstate4-1ml of 0.33n-11,30 over
a mixed-bed {Dowex 1 (€1~ form)+ Dowex a0 1kt form)]
column (0.2cmx Sem), washing wil howater and eollocting
the first 10ml of eluate. A portion (5m}) was talien and
subjected to the procedure of Westerfeld (1045).

Detection of Dutune-2,3-diol on papcr. When samples
were  subjected  to ascending chromatoygraphy on
Whatman 3MM paper with ethyl acelate- ethnnol-water
(12:2:1, by vol.) as the solvent system (Mais & Mueek,
1963a) butane-2,3-diol was detected by the periodate-

" benzidine spray (Hais & Macek, 10635). Howoever, after

chromatography on paper impregnated with borote the
dried papur was sprayed lightly with water, suspended
for 1h in a jar containing acctic acid, serated for 10win
and finally the material detected by the periodate—
benzidine method.

Preparativn of [1C)aceloin. 2,3-14C'JAcetoin  Was
preparcd by incubating 16 umol of [2-HClpyruvate and
unlabelled acetaldebyde with 5 mlof pyruvate decarboxyl-
ase ]n‘cpm‘cd from ox heart (Green, Westerfeld, yvenesland
& Knox, 1942} in ().U:").\x—glycemphmplxaln bulter, pif6.0,
containing ¢.5mg of MgN0, and 0.lmg of iianin
pyrophosphate. The enzyme (40-50iny of proteinfind)
was assayed and found 1o form at east 3 pnt of acetoin/
I per ml at saturalion with the substraies. Pircliminary

* trials showed that un acetaldehyde/pymivite molar ratio

of 6:1 produced the highest yield of radioactivity in
acetoin (up to 60%, of the added pyravate).

A neutralized protein-fres filtrate of the incubation
mixture was distilled and the distillate passed over &
mixed-bed column and distilled again in the presence of
dimcdone 1o trap acctaldehyde, - The distillate obtained

was chromatographed on @ column (2 ivem) of

strongly basic resin [Amberlite 1RA-100 (bisulphite
form)] prepuved as degeribed by Gabriclson & Sumuckson
(1952) and _eluted with water followed by 0.53-NaCl
(adjusted to pH 7.0).

The pooled cluates in the acctoin peak were concen-

frated by vacuum distillation in the presence of sodium

bisulphite, which complexes the acctoin, followed by the

disruption of the aceluin-bisulphite complex ¥ ith solid

Na,(0; and distillation. The purificd agueous acetoin

solution was stored al —12°¢, Labelled biacetyl was
l
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prepaved by oxidizing o samplo of [H4Claectoin with g, i
PoCly-FeS0y- 11,80, mixture of Westorfeld (1016). 'l'.i' t
bincelyl wits Jisdillod in wecua and colleeted at - HU"E, é
Tdewtity wid salivertive purilg of the bivaynthosi,.

. - . g LA
ardoin,  When [2-HCIpyruvate with a speeitic 1ay ;
activity of 41 mC/munol wis ased in the origbnd inegy,
tion mixbure the puvified 12,3-1Cacetoin ohtained by ’}
!

1

i

i

:

£

specilio sudionctivity of 27.1 mCi/mmol. The vee,
ruddivehenieal yicll was approg. RUL/M '

The radioactive purity of the prepared acetoin y,
chuvked by its migration as n single peak on ():'litn--rr.,jnp“ ;
chromatogruphy in ihe system of Neish (1950) nnl |,
gelfiltration chromatography throngh a Bephadex ¢ {
(Pharmacis, Uppsala, Sweden) column. Carrier see, :
was added to a samplo and the 2,4—(]initmphunyl.‘,,,d,'," !
and tho -semicorbazone Jderivatives wote prepated e, i
were reerystallized to constant specific radionetiviy, ;
suniple of the 2 3-14Cacotoin was incubated tor oy, g
with NalQ, at pli4d inn tube through which )y n
passed gently inlo u trap containing 2 4-dinitrophe - ¢
hydrazine,  Tho acelaldchyde (from C-3 and G
acctoln) was collocted as tho hydrazone in the tiag ;‘,L‘ ;
counted for radieactivity. The acetic acid formed ({;,‘_' !
(-1 and C-2) was counted for radioactivity in the aris:,
solution. The ratio of H4C in ¢-2 and C-3 of acetoia . ¢
6:1. o,

A eimilar preparation with  [3-1*Clpyruvate ¢ :
[l,-L“(?]zu-umininau.imiluryivl(l. Alarge-sealeinculng
of non-radivactive py ruvate and acetaldehyde was .i .
with the same cuzyme preparation aml cesentially vt
game puritiention provedure was used as for the ;nc‘p;;,_ .
tion of the radivactiy wectoin. The optical rotationofs
produced acetuin was [o}28 —~78°, indicating that it =,
ensentially the n(-) isomer (reported values, (o)} -3
—79°; Lanko, Munk & Abonyi, 1940} We found thl, . ¢
more conveniett method of synthesis than ithe c¢het
method of Brady, Rabinowitz, Van Baalea & G
(1951); in addition it yields the b{—)-isoner rather thit
the racemis mixture. .

'

¢

Enizyite (Ssay3. All enzyme assays were found to i
proportional to enzyme concentration over the rang: <3
0.005-0.04 B4 units/uiin. ;

Biacetyl reductase and acetoin reductase activid
were assayed by measuring i a recording speetroph
meter (Bausch and L.omb 503} the decrease in Ko
mixture of 0.1mt of 1 M-acctoin or 1 n-biacetyl, G
NADIL (L4 mg/ml) (Nigma Chemical Co., St Louis, M.
U.S.A) and 0.7l of 0.53-sodiunt phosphate bufr
pH6.0, in a 1 em-light-path 1ml quartz cuvelte. T
reaction was started by adding 0.1ml of the envw.
solution to both the reaction cuvette and the U
cuvetlte. In the blank cuvette the substrate solation -,
repluced by water. ''he blank cuvette was placed it
sammple holder and the reaction cuvette in the ti
hokder, Witk higher concentrations of NADH it
necessary to open tho glit of the spectrophotonictis
admit worve light.

The saine reactions were assayed in thereverso diret
by measuring the inercase in Fygo of & mixture contal
cither 0.1l of In-acctoin ar 0.1 m! of 309, {v[v)
2 3-dio}, 0.1l of semicarhazide solution (25 e mi e
with butane-2,3-diol dehydrogenase), 0.1ml of N7
{20mg/ml) and  0.3M-sodium pyroplmspl‘xutc b
piY.o, to make up 16 0.9ml. The reaction was startes®

g et
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1+ gddition of 0.1ml of the enzyme solution. The blank

¢ wotained all the ennstituents except the substrate.

steohol delivdrogenase (KRG 111} was also aasnyed hy
e same procedure, 0. tml of 3095 (v/v) propan-t-ol being
waed a8 substrate.

Protein determination, Protein was determined by the
tiuget method of Gornall, Bardawill & David (1419) v ith
Jline bovine albumin as standard,  For dilute
;v&ein solutions the method of Warburg & Christian

£ (M) was used.

Chromatographic separalion, Acctoin, butane-2.3-diol
sul biacel ywere separated by partition chromatography
cn Celite columng by using waler as the stationary phase

oanl ethyl acclate saturated with water as the mohile

phase (Neish, 1950). A portion (45g) of Celite £ 46 (Koeh -
Lizht Laboralories Tdd.) was irituiated with 2fiml of
saterin a mortar, then packed in a colnmn by adding the
pawder in small portions and packing with o thick plass
rd, The sample was triturafed with double its weight of
telite and packed on top and the column was developed
with the mobile phase.

RIESULTS

Accumulation of butane-2,3-diol. Liver minco
2¢) wos incubated ot 37°C for 2h with 22.7 pmol of
{2.3-4Cacetoin (1.3 x 105 d.p.m.) snd 4ml of Krobs—
Binger ]_ih()splm,m buflor {Krebs & Henseleit, 1932)
moa flagk provided with a well containing sodhun
Iydroxide to trap the CO,. The incubation was
ferminated by the addition of perebloric acid to &
final coneentration of 0.3». Irom acctoin deter-
minations in o large number of sueh incubations it

“was noted 1hat about 709, of the added acctoin

falbour renetiom) disappeared. Less than 0.5%, of

‘:hc radioaetivity appeared in €O, Theso results
udicats the aecumulation of @ metabolite.

Isolation, of bitunc-2,3-diol.  Tho protein-freo
fltrate obtained from the i)i\)'r'lllt)ric acid treatment
W35 cooled Lo 0°C end neatralized with potossium

hydroxige. The preeipitated polassiun perehlorate '

Y2 centrifuged off and the neutral supernatant
Psed through ¢ strongly basic resin [Dowes LX83
,Cf“b‘ﬂlflh) form)] column and washed with water,
E‘Q cear colowdess cluate, containing moro than
%% of (he radionetivity, was passed through a
flumny (1 e x 100cin) of Sephadex G-10 equi-
Wbrated ana daveloped with water. Only & singlo
Teak conld bo deteeted, which woved 1o tho samo
[osition ag the one obtnined with a zoro-timo
ntro] gimilarly  treated.  Jowever, when  the
Meutralized Dowex-troated solution wos separated
¥ using the smme Sepbadex (510 column cqni-

Drotedand devel opedavith 0.2a5-soditm hisadphite, ©

e <ot . .
wo widely separated redinactive peaks woero ub-
%lved (Ifig, 15). "The minoer peak (fist peak) con-
Siting ahoat 359, of the radioactivity woaident ificd

0y . . . .
¥ tho acctoin-bisulphite complex by it« colour

a0t . .. . R
Seetion pod the juercase in its size when a sawplo

v . . . . .
"1‘»‘3 protein-free filtrate was miseed with radio-

active acetoin and the separation repoated on the
same colnmn (Mg, la).

Identification of butane-2,3-diol. A preparative-
senle reaction mixture was treated and chromato-
geaphed as desceribed above for the isolation of
hutane-2,3-diol, The fractions of the second peak
clited from the Sephadex G-10 column (4emx
100em) ecmnilibrated with sodium hisulphito were
pooled and authentie but ane-2,3-diol was added to
the sotulion. The solition waos extracted con-.
tintnously with peroxido-freo other and tho other was
evaporated to give a viscous yellow liquid. . Tho

(a)
50 (-
40 +-
E |
é‘ 30 (-
a
=
b
=
b
£ 20k
[5]
2
2
(53
<3
x
L 1o
~-
0 1 ] § 1
& ",
10~
51 J/IJ '
L i
’ 30 35 40 45

" Tube no.

Tig. 1. Chrowatography of incubation mixture ou
Hephadex G-10 cquilibrated with bisulphite. Tle Seph-
“adex (410 colvmn (Temx110em) was equilibrated snd
deyeloped with 0.23-sodium bisulphite, at o flow rate of
20mi/h. Fractions (2 ml)were collected, In (&) the 1mlof
incubation mixture was separated; in () 1l of the same
inenbation mixture was mixed with 0.1l of {2,3-14C]-
acctoin (2.7 10%d.pan.) and geparated as degeribed in

the text, o L Lo
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Ligguid wast peated with suturated 2,4 -digitrophenyl-
Thydreavino o 0.6 st-ealplawie acid, followed by

addition of activated chisoual, Fho preparation
was fillored wil the clear polution obiained wes
found to contain moro thain 909, of the radio-
activity of tho second pueak. o

Clromatoprapby of tho golution on Wheatman
MM paper with cthyl acotato-cthanol-water
(Hais & Blacek, 1463a) rovealud a singlo caloured
gpot on dovolopment of tho chromatograra with the
puriodato- benzidino method (Ilais & Maeole, 19630).
this spot contained all 1he radioactivity and also
correspondad to tho spot obtained with authientic
butane-2,3-diol.

A sampla of tho golulion containing 4200d.p.m.
consumed 020 mmol of periodato (Birkinshaw,
Charles & Cluttorbuck, 1931). The solution was
gassed with N, into a 2,4~dixxitroplurnyll1ydmzinu
trap, and tho hydrazone dorivative, erystudlized
threo times from hot sthanol, melted at 167°C (.
of acetaldehyde hydrazono 167°C). s speeific
radioactivity was 35.5d.pm.fing, corresponding 1o
{ho caleulaied B6d.pm.fmg if all the radivactivity
was in butane-2,3-diol, and wus qtmn{itutivcly
cleaved witli periodate to 2ol of acctaldehyde/
mol of hutune-2,3-diol.

A phenylurothane derivative of tho inetabolite
was preparcd and precipitated from hot carbon
totrachlorido to a constaut specific radionctivity of
11 and 11.Zcpan.fing on tho second and third
precipitations. The derivative did nob form
uniform crystals,

When tho metabolilo was chromnatographod on
borate-impregnated Whatman 30 paper with
ethyl acut ato—othanol-water two rudionetive spots
with Ry values of 0.81 and 0.55 wero detected,
About two-thirds of the radiouctivity was dis-
tributed in the faster-moving spot and one-third
in the sloweranoving spot (Fig. 2).

Properties of extracts. Liver extracts by them-
selves did not utilize acetoin. However, the addition
of WAD*, NA DH, NADP?* or NADPH to eruio
coll fice extracts of Dresh liver restored activiby.
"Phese supplemented oxiracts Loolk np cither acctoin
_or biavetyl (eolour renetion of Westerfeld, 1945) at.
o rate equel to thal ohaprved with the cquivalent
amount of liver mince. Tho activity with NAD?
was twico that with NADI*, The acetone-dried
powder extraet was also found to ho active on
addition of NAD?* or NA D) L

Partial purification of biacetyl veductase. Biacetyl
roductase was partially purified from rat liver;
Tuble 1 summmarizes the procedure. An eightfold
purifiention of bincetyl redurtase was obtained with
a yicld of 35945 some activation oecurred at cach
dialysis step.

Tho sanc procedure caused less than twofold
purification of acetoin reductase, with a yield of

Q606
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150 :
100

Radioactivity (d.p.m./om)

0 5

Distauce from origin {em)

Tig. 2. Ascendihg chromatography of the metabalite . !

sodiun borate-impregnated Whatman 3MM paper, v
cithyl acclute-cthanol-water (12:2:1, by vol.) vy Alver -
The paper wis cub into 1em strips and their radivactivie, |
measurisd in a ]iquidscintillutinn counter, -——- s B
ground counts. T'he srrow indicates the solvent front, 2

+

-—-————“—-‘"__—-—--————-—‘“—"‘-—____—‘—"'———‘\

Liver.

When the purified preparation was upplied to .|
column (Femxbicm) of CM Scphadex-b0 (:q‘.“’i
Lrated with 0,01 s-sodium phosphate bufler, pi:!
and cluted with iho samo bafter, the compl
profilo shown in Fig. 3 was obtained. Bilawe: !
voductase activity appeared in ab Jeust two pr
none of which was identicalwith thoe aeetoin redu

79/, Similar results were obtained with ra‘,,l‘é
]

{

{

i

aso peak. Rochromat ography of the seeond kus)
Lincetyl reductase fraction on the samo colun (B
{0 u similar sepeation of the biacetyl reductaseis l
tavo peakes in about tho same positions.

Fffect of ethanol on cazyme activities. Anacetor?

dricd powder extract of rat liver was divided i

three sanples. To two samples ethanol was add o

slnwly to u final concent ration of 10 and 200 {vii
cospeetively, andd the solutions were loft at (I

1

10 min and centrifuged at 3000g for 15 s
third sumplo was not treated. All three supe |

nitants were adjusted to 6094 saturation il ae
Dronium sulphate; the precipitates wero dlissols
in sodium phosphato bualter and tho activitivs:
aleohol dehydrogenase, bulane-2,3-dictdehy dreg
aso and acetoin dehydrogenasd tested. In thev

troaled crude extract the proportions of the ac;

Y
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»n
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i~

320

ponl
€2
32
—
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-cellulose

chromatography

1.6

6.4

1370 340

‘10

ialysate

1

vities were 1:2.7:4.7 respockively.  Fxposuro of
the cnzymoe preparation 10 109, (v/v) cthanol de-
stroyed the aleolol dehydrogenase activity com-
pletely. bat the of or bwo dehydrogenases were nob
affected gignificrutly.

Produact identification. [HC)Biacetyl was incub-
dted with NADI and an acctone-dried poseder
avctract of rat liver for 4h. ‘Tho produch was
separeied en a Celite colunn, A doublo peak
represenling more than 509, of tho radioactivity
appeared in tho acctoin and butane-2,3-diol regions
(I'ig. 4). This peak conld not bo detected in tho
zoro-time control,

Tho reversal of the acetoin deliydrogenaso reac-
tion could not bn demonstrated unless an NADIH
acceptor was jmeluded.  When [M4Clacetoin was
incubated with NADF, phenazing methosulphate,
1mg of Nitro Bluo Tebrazolum and an acetone-
dried powder extract undor the conditions specified
in Fig. 5, aud tho produch fractionated on the
Celito cohunn, a small peak represenbing 1.4% of
1ho tolal radivactivity (c.p.m.} was deteeted in tho
biacetyl region. In o control without enzyme tho
bincotyl region contained only 0.24% of the
radionetivity.

Metal requirement for butane-2,3-diol dchydro-
genase. Dielyxis of tho enzymo preparation asgainsh
LnaclEDTA in 0.013esodinm phosphato huffor,
piLli.d, followed by diatysis agninst tho phosphate
budter deereased tho enzyme activity to one-third
of that of a control enzyme preparation dialysed
only against tho phosphato puffer. Tho enzyme
ecould he reactivated to 009 of ity initial activity by
adding Co** to a final concentration of 0.1mit.
cutt and Zntt wero slightly loss effcetive at the
ophimum coneentration of 0.1md, followed by
M2t Fort, Mgt and Ca?t.

Effect of kigh NADI concentration. A sharp
decrenso in tho activilty of acetoin reductaso
occurred  when  tho NADI[ concentration was
increased; ab ommi-NADU tho activity was lesa
than 29, of tho activity obtained ot 0.2

pH optimum and apparent K. The pll optimum
for both icductazo potivitics was near 6.0 At
0.21m-NADI and pELG.0 tho apparent K of
acctoin reductaso was ealeulated from a Line-
weavor-Burk plob to be 50mar for acotoin. The
apparent I, for biacelyl redirctase undcer tho samo
conditions was 48 m-bincetyl

Elecetrophoresis  of acctoin  dehydrogenase. An
acetono-dricd powder extrach of ral liver was
subjected to clectrophoresia ab pH 8.6 on celluloso
acotate strips (Miltipere  Corp- Bedford, Maoss.,
U.S.A.) at 20V /fem for 1h. Tho position of tho

" biacotyl reductase was loeated by tho application of
a seeond strip moistened with o mixtuve of Tmi of
13-acctoin, ©.3ml of phenazino incthosulphate

- (Imgfml), 1 ml of water, 10mg of NAD* and 3l of

G~

o~
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Fig. 3. Separation of acotoin reductase and biacetyl reduetase ou (M-Sephadex. A portion {10ml) of the
dialysate after DEAE-celluluse treatiment (Table 1) was upplicd to a colwnn (Gemx 55cm) of CM-Sephadex

equilibrated for several days and developed with 0.0

Iyi-sodiam phosphate bufler, pILG.7, at a flow rate of

150 ml/h, Fractions (3il) were collected, @, Biacetyl reductase; O, acetuin reductase; A, protein,

=]

o

10~3 x Radioactivity (d.p.m./ml)
. o
T

PRI Lt Y S o

Lot 1 i
] 10 20 30 40

Tube no.

Tig. 4. Cclite column chromatography of the incubation
mixture of [MC]biaceiyl and partially purified biacetyl
reductase. [1,4-14C]Biucetyl (4 nmol; 300000 d.p.an.) was
ineubated at 37°C for 41 with 0.4mg of NADH, Landof
0.13-sodium phosphate buller, pHl 7.4, and 0.1 ml of
the acctone-dried powder extract. The mixture was
geparated on a column (2em diam.) containing 90g of
Celite 545 and developest with ethyl acetate saturated
with water. Iractions {3ml) were colleeted. The first
peak corresponds to the position of biacetyl and the
sceond to that of acctoin and butane-2,3-diol. ——,

Toxperimental; —- -, control.

Nitro Blue Tetrazolinn (1mg/int) (Gelman Instru-
ment Co. Manual no, 701 76-A; 1.0, Box 1448,
Ann Arbor, Mich., U.8.A.). At least two dark bands
of precipitated Nitro Blue and a number of minor
bands appecared.

Sterevspeeificity of acetoin reductase. The partial
purified acctoin reductase was ineubated Witk
NADH and b{-)-acctoin.  Thoe butanc-23.¢

formed was chromatographed on borato paper w ¢

e i 1 g R Il L T ¥

i R 3 A A A 13 174 ATV

doteeted by the modified periodate-beruidy,
spray (1fais & Macek, 106:36). Under these co
Lons acctoin dovs not give o spob. Two spots wi,
12 values of (.81 and 0.55 weroe seen.

DISCUSSION

When liver mince was incubated with labelle:
acetoin at a concentration of 4.5ma, which is aber:
1000-fold the physivlogical blood coneentration ¢
acetoin (Dawson & 1Muallin, 1954a,b), very litk
labelled CO, was deteeted and the major portion
the acetoin (about 7095) was reduced to Dutane-
2,4-diol. At lower coneentrations of acctoin mul
more of it is converted into CO, (ML AL Gabriel §
U. A. 8. al-Khalidi, unpublished work).

Butanc-2.3-diol cannot boe separated from ace
toin by ordinary gl Altration. ITowever, when tl.
filtration is purformed in thoe presence of bisulplit
which forms & complex with acotoin, the tws
compounds are well sepurated. This teehmicue ney
find goneral application in the separation of sugar
or other compounds when it is possible to for
complexes with bisulphite or other complexie;
agents.

“'ho butane-2,3-diol, produccd from p(—)-["C
acetoin by both liver minco and partially puriiic

e ¢
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Y15 (elite column ehromatography of the incuhatinn
e of [MUacetoin with acetoin dehyvdrogenase.
setoin (13nmol; 1x 105 dipan.) was incubated in o closed
Phefor hat 37°C with 10mgof NAD' ,Lomlbof partially
‘ ded bincetyl reduetase in 0.5M sodium pyraphosphate
Sy pHO.0, 06 myg of phenazine methosulphate and
"z of Nitre Blue Tetrazolinm in a total volume of
Gk Fhe mixture was chromatographed ona column
mdiam.) confaining 68 of Colite 515 and developed
vihthyl acetate saturated with water. Fraetions (3 ml)
e colleeted, The first peak coincides with biacetyl.
==, Experimental; — - -, control,

S—
— e

~toin aeductase, was  separated on horate-
~Ireguated paper inta two spots with By values of
Joend 081 3t s assmed that {he gpot with
:‘z;‘-*ﬁ representa the erythro form (mesw) reacting
. ‘f.x\r l'x‘l‘ntu (r.llyu-](] a more poiar compound with
‘ ’(’x.'i(l mobility. 'The ()ﬂ\-h(\r spot \\,’()\.Ih,l {'v,‘]‘m's;(‘.ut‘
";’P‘r’«:s“ (b an(l[or 1) form. an.nhiﬂtr:(‘ly (.lw
L spot containod ahout epe-tlhird of the radio-
SRty Ag Taylor & Juni (1960) pointed out in

iy
-t . . .
R T study of butane-2,3-diol dehydrogenasn 1n
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i 2,0
SR one enzyme and ono form of substrate
TN gee S y ;
oyt “account for the appearance of two forms of
BRESTILE B .
ne-2 3 diol,  [owever, the existeuce of an

SN rac .
i "lase or two reduclases may yield the two
LHIES -

1t

pl;):::\:\ the first time that m.a\mm:\lim: CHZYINe
;:"”'il'x ‘;"“f‘ capable of tho interconversion of
Ny macctyl and hutane-2,3-diol have been
}'t:txi;ll '!lul:l & Heymn (]‘.{57) reported t}\.ut the
\‘"“l(.'IA-\g ‘H(:(‘f‘()l‘n reductase (Iu.().l:] 1.4) n.nd ]).]{l(_'f;(‘.\'l
J”-ﬁ\'ui;{..\‘- (tc ].1.1..’):) activities veside in Unf‘,
P “l.contl‘nsb with the report of Strecker &
\'. ty (lﬂn.j.)'
mln{;z‘n;: that in live'r extracts different enzymes
s S0 Hhe two reactions. Both enzyme activities
distiney from alcohol dehydrogenaso, a8 tho

STYe
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product after CM-Sephadex treabment contained
very little aleohn! dehydrogenase activity, and
eihanol treatment resulted in the conpleto loss of
activity of aicohol dehydrogenase.

The hinecty! reductase was resotved on CRL-
Hepliadex inlo at least two peaks. Two bands were
alen seen on clectrophoresis. The multiple forms of
bineety! reductase iay be explained on tho basis of
jsoenzymes ot of equilibrivun of multiple forms of
tho sme enzyme. In favour of the sccond possi-
bility is the finding of the smno complex profile on
ye-chromalography of one of tho fractions on CM-
Sephadex,

The equilibrivin of hoth reactions is in favour of
tho reduced compound. The reaction catalysod by
bincelyl reduclase is abmost irreversible.

I'he apparcnt J¥, values obtained for both
enzyimes are oxtremely high; the expoctod physio-
logieal concentrations of the substrates ore prob-
ably two or three orders of magnitude lower than
Uirse values, This suggests that the enzymes have
very little aetivity under normal conditions. The
possibility  that both  enzymes are  primarily
specific for other auhstrales cannot boe rled out,
flowever, in speeial cases where acetoin (Daweon &
Holtin, 19542.h), bilacetyl or cthanol (Jubin &
Westerfeld, 1915) is consumaod the tissue subsirato
contents may becomoe high cneugh to make the
activity of the cnzymes significant.

We are grateful to Dr £ 1% Durr for many useful
discussions. This report is taken from a thesis submitted
by M. A. G. to the American University of Beirut in
partial fulfitment of the reguicements for the degree of

Ph.D. The work was supported Ly granis from the
Medical Researel Committee of the Tacultics of Medical
Neienees of the American University of Beirut.
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- Studies of Enzyme Kinetics
Il Inhibition of Pyruvic Carboxylase by Certain Analogs of
re ‘ ‘ Pyruvic Acid'

i

- - : GLEN R

. GALT:

rm Fromi e Vs aies Nchinisteation Hospited, and the Department of Physiology
! and Phavinacologiy. Dl [pivereity Medieal Conlie
Durham. Noreth Cavoling

Recoived dumnary 23, 1061

B

A =evies of suuetinnl s of pyruvic
ag found that substitalions on the g-cavhon atom yvielded the

pyruvie carhaxyiase, dow

most potent anbilatory compomds A Kine
q progiessve prreversible minbition, preceded in some
bl phasc. Tnhibition was npparenthy meddinted at the sn

}‘""».«/H\-.\ INTRODUCTION
Ax one of a series of investigations of in«
hibition af enzyines unigque nomieroorgit-
jsms by substrate analogs, py mvie earhosyls
ase wax chosen due 10 the searaty of duin
pertaining fo s iuhibition. Green ot all
(31, using a highty purificd earboxylase,
- demonstrated inhibition hy silver. copper,
or miereury jon, wherens acctaddehvde had

only o «Heht depressing effert amd widlouees

tate, laetate aml avsennte had  no effvet,

o Watt and Werkman e showed that the
enzye in Aerobacti acrogenes and veast

meeration jhiee was inhibited by phenyi-

pyruvate, and Redemuun and Meikle )

- repovled it 2 2-dichlorapropionie aeid
was @ competitive infabitor fow con-
centrations and an wneompetitve one
higher caneentritions, The following i~ @

: report of the effeet ot vertiin other. strne-
taral analogs of prinvide con thie Veust
arboxy e, ‘

b

[P I PO YTV DL THE N National - Mierolao-
Yogical In=atntog Nobionst Institutes of ot
Diepartneit of Tloadth, Tabnention, and Weilvare
- Wik the teehnnead {:r~i~";lll"" of Pamddall 1
: Harrington and Ann Nari Welels
Mﬁ“\\ »
-
o :

acid were tested as possible inhibitors of

pie stwly of five such inhihitors indieated
eases by an immediate reversi-
Lstrate-hinding =ite.

METHODS

Pypnvie carhoxylse was partially purified from
Floisehmanns type 2010 diied yeast (Standand
Bramlsy by the methal of Green el ol (3. After
ciop three of Their method, the precipitnte was
dissalved n 200wl of 001 M citrate buffer at il
59, 76 g (NN, was added, and the resulting
appenion wis stored at =10°C, For each expicri-
pment an abiquat of this was contrifuged at 10,000
» g for 10 min.at 5°C, the supernaiant solution
deemed, al e preeipitate dissolved in 001 M
~iteate badter, pIE a0, so that 10 il of the result-
ihg enzviie soluiion resulted in an initial volocity
of approsimately 17l CO: nun. from 200
amoles prravie aeid (Na salt, Siga) inoaoveacs
fion volime of 22 mb at 30 C.oand pH 59 with
001 M eiteate bulior, In assayvs of vach batel of
engvine proified, o linear relationship br tween v
and onavis eone ntiation with intercept at the
arising was natad wdienting o inhhators or
Aotivators in A prepenations which would mflu-
cuer the resnlis during e test period, There was
Do deerame o acnviey pon storde at --307C

Anedogs o panin e aeid obtained drom com-
mer il sdirees wores acetunide, aecivlured, a-bro-
mpohepionie aeid, wrehlovapropionic acid, oxunilic
weinl, aemirophenylpouvie - acid, and 2,3-bu-
paneadione (Fasinamds ethyl pyravate aud B
clilorapyravie ackd (Binsh propionic acid (Fishor);
phem doine (Calid, Corp. for Biochemieal Re-
wareh s ovamie il (M athesong Colenum and

236
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Belb; oxalacetic ceid (Kvisiell): oxalic weid
(Madtinekradt) s sodivnan phenyipyim e and pie
polenyiaetie aeid  Nwetional Biochemieals:
prhystvoxyphenylpyruvie acid, glosvlic avid, and
kétondonie aeid C1EADY: and w-lctogltitatic wend
i) ML compoumis were solable n el
Lulfer at the conecntrtions used, anel the plhi aof
cach solution was adjustesd s Hecessary.

Measarements of cugvpne sty were done
with the Warbnirg respitomesor o 30 ) \emst)s
ol approxineitel: 15 mi capaeity. The atmosphone
in the vessels wus wir, Inilul veloste, v was dJe-
termined by plotting log 0 - ) HEamse Line ju
minuies, where o = inigual PVEUL G coneeninaion
exprossed as g (O which would be prodteal
upolt complete  decarhoxelition (- aisobin L0
2208, and x = wl. CO; produced st HUY EIVCL b,
From this, Lo regeession cocificient was caleulired,
which, when multiplisd 4 the tuctor for POHVE -
sion to natwral Jogarithams, was £, the veloeity
constant. of the reaction. The iuiial veloray wis
then computed by mubtipdymg L by dhe iniad
substrade coneentration, o 1 wus exspressid as
wl COsmin, In all cares control vesels wiihh no
drug resulted in a shedght Bue for s jeast 26 min,
when log (@ — ) was platied apainst e, in-
dicating fst-order Kineries, ‘Flis was also ue i
the presenee of the proposed inhibitors; with (e
exception of 2.3-hutanedione, With (s slowing
of the veloedy ocewred after 16 man s thereiop,
only yeadings during the st 10 i, were sed
in cudenlating .

RESULTS AND DISCUSSION
Ixuisrrony Coapot xp=

Of the 20 compoumids tested. inhibition
wasobtained wsuallv with those whicl
‘outained the hasie three-carhon framnon
of pyruvate with an unuiered w-ketoear-
suxylic group, ie.. A-substituted pyruvate
“luble 1) These were A-chloropvrinvate,
phenyipyravate, o-nitroplicny pyrwvate, p-
hydroxy phenylpyruvute, ketonndonte, -
ketoglutarate il elvoxylute, The oy ex-
ceptions Lo, this were oxunilic weid, a wenls
inhibitor, whieh resenihles phenypyruvice,
A nitrogen atom having Leen ~ubstitated for
the gecarbon aton, o 2 3-butanedione,
The only  p-substiimted cotpound  1esied
whieh failed to show inhibition wex oxalace-
tate.

Substitution of the hato oxyveen by orwg
h‘\'dl’ug('n Atots (propotater g one livdro-

TABLE |

INHTBITION OF 11 Ixttian VEvociry o Pyuvie
CHaoXYLASE By SUBSTRATE ANALuGs

Substrare concentration .0 wnoles, 22 gl
C= 40 X2 0 throughot Intiibitors were
adided o the enzyie 15 min. hefore addition of
substrate,

Anafou Motar concentration Inbibition

p-Hydroxyphenyipyru 1.3 X 10 2

vate
s-Hydroxyphenvipyr- Ll X 10 7l

vite
Chloropyruvate 4.5 X 10 27
Cldoropyruvate 23X e 3
Glvoxviate 2.3 X 1008 33
Clyvoxyviate 4.5 X My 5
o Nitraphenuylpyravate X 108 Gl
o Nitrophenyipyruvate L4 X 10 )
Retondonute 2.0 X 10+ 7l
Ketomalonste B S X 10 8 82
Phenylpyravate X s 6N
Phenyipyruvate 23X 10 S0
Oxunilate 0.0 X s 31
2.5 Butanedione .0 X s 56
- Keroglntaraae R 10 2 e

genand one ledogen wtom tw-chiloro- or -
bromopropionates fuiled o vield ihilitory
compounds. Substitution  of  this ONVULT
ot i one hydeogen wons wid one Aine
sroups evenswith o phenyl group on the
A-carbon wton phenylalaniner Ll e
mbibitory effeer on 1he enzvinge, Siilary,
veduetion of phenvipyruvate io phenvilioe-
tiebe rosulted i noninhibitory cowpoand,
Substitutions of the carbosyl carbon or i
A-curhon wiom by amino LEOHPS Crect e
il oxamnate, espectively o tie gorior by
Wew veeetviurear, o the bater by oo b
droxyl wroup  coxalites LAV cotpoitds
catpletely withouy AhItory aetiviny . e,

Verson of pvravide to the et st
viclded et compotn,

P
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Ficso 1 Recipeaead plal 1o show tepeal nen-
conpeiiove wlabiion of i earhoxvlge of
the vpe obtain . with onel of five analogs of
pyrvate. Conconimtion of  mhihitar  Cooniig-
plenvipyravare), 13 0 197 7. Veloetiv is pd,
Crlomiic s subvtge concentration = pl COL which
would be evedvied e complere decarhoxalition
i afinad vohioo of 22 ml The Iines ave jroaate

Sares lines,
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Fro. 2 The conse deearhisylation of pvpge
viate by pyruvie eafoxylazs with (03 no inhjhitor
present, OO andnbitar added 15 niin, Lefore pv-
rvate, awd (O gphitarar el sinntaneonsy
With perucate, hubibirors, with final melar [ERITEEI
fratiems: Ui, phenvipaormvae, 15 10 B keto-
malonate, 90 o 197 ‘, o-nitraphenvipyris ot
45 2107 ), prhydeoxyphenyipenno e, 15 - 1o '
L oplvoxylate, 32 5 1, Pyrnvare COMCCT oy,
L5 20105 07 The ines e Jessatosquinre < Fivoes
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dON ¢ CALE

INENETIOS oF ENinmrrios

O the compownds whieh were inhibitory.
five true gesibstituted anitlogs were chosen
tor akinetie study of the inhibition. Weak
inhibitors coxamlute, a-kctoglutaraie) were
onntled, as were A-chloropyruvate due 1o
ditfieulties encountered in obtaining it in
ery=talline forn. and 2 3-hutanedione due
to the progressive inhibition with time djs.
plaved with this componnd. Tn experiments
in which phenvlpyruvate, o-nitrophenylpy-
ruvate. p-hydroxyphenyipyru ate,  glvoy.
Ylate,or ketomalonate was added to the
main compartinents of the Warburg vessel
and pyruvate tpped in from the side arms 1
mine later after temperature cquilibration.
it wis found that each compound gave ye.
sulis compatible only with noncompetitiveg
mhibition. \ typical experiment is plottoed
m Mg 1. This mdicated either combination
of the inhibitor with sonie site other than
the aetive substrate-bhinding site, or an ip-
reversible combination at the substrate.
binding  site, Consequently,  experiments
were condneted in whieh each inhibitor Wis
added along with the pyruvate. and 15 min,
prior to pyruvate, Results are shown in
Fig, 2. Tn cach ense simultancous addition
of =ubstrate protected the enzyvine from the
mlibitor, up to 10077 in the ease of ketomal-
ongte andd /)-fl_\'(l!‘”X}']lhl‘n_\']])_\'I‘ll\':lf(‘. mn-
dieating that the mhibitor was hound at the
substrate-binding site, o situntion compat-
ible with the struetures of tHhe inhibitors,
Furtherniore, (here appeared to be no ip-
hibition hecoming evident in those vessels in
whieh substrate wnd inhibifor were added
simnltaneouslyv, as nanifest by the striet
lineariey of the plats of loa ta -~ v agninst
Hime s that i< the presence of substrate pre-
vented iy apparent progressive inhibition,
Dixonand Webl 120 wate that i reversibly
comhining substrate ean never prevent the
ultimate complete inhibition by an irreverse
ilile inhibitor. <o lovg ss suflicient inhibitor
B present to simte the enzyme, sinee
there is alwivs o small amount, of free en-
2Vine as o resalt of the reversible equilib-
ricin with the <abstrate, This free enzyhie
B~ ths stubjeet to the effeets of the imbibi-
tor: The whove mentioned linearity of the




plots of tog (0~ o agaiist e s not
necessarily o contrliction ol this stute-
went; rather, the period ol mea=arciuent
aud expertmientad crror o the method cou-
pled with the relative afiinities o) the en-
svme Tor each of the compounis lkely v
gulted in nabiiity 1o deteet the progressive
fuhibition.

[ Sinee irreversible mhiihition i~ gencrally
characterized by o progressive merewse with
amie, 1 was considerad of mterest 1o de-
teruine the degree of inhibition produced by
incubating the enzyime with inhibitor for
vioving periods of e belore addition of
subatrate. Double side-armn vessels were st
up so that cach inhibitor could be wdded
to the enzyvine at precise thnes Trons otie side
arm before wddition of ~ubstrate from the
other, Figure 3 shows the results expressid
as logarithwe of veloeity (== logarithi of
enzyme remaining) aiter preineubation foy
speeifie intervals, A logarithmie plot i n=ed
to show the similarity to o fivst-order rewe-
ton. Thermal nactivation of the eazvine
was not o faetor in these experiments sinee
all vessels were incubated for an equud e
at QUTC. regardless of the ntervad between
addition of inhibitor and <ubstaie.,

To determine whether any of these five
mhibitors was “itsell decarboxvlated, 2.0
praoles 145 w1l was added from the side
ams of vessels contwining three thoes the
usual enzyme concenteation. At the end ol
2 hr, CO evolved trom cach wis = follows:
glvoxylate, 0; o-vitrophienvlperuvate, 0;
ketomalonate, 05  p-hydroxypnenyipyru-
vate, 37 pl.; phenyipyravite, 25 4o A plot
of Tog (¢ — o) asainst time {for the two
which were decarboxylated showed o de-
ereasing veloeity with ume,

Iuhibition kincties of tie five anadogs so
studhed bhear a0 striking sinilavity to the
Kineties of inliibition of specific acety leho-
liesterase by certwin orgnie phospliates
thr Tiven thougl these Tatter campounds
do not appear to be structwrad aualogs ju the
seneral =ense, the mechanisin of their in-
hibition of ecertain esteruses s actually o
fivst-stuge hydrolysis. the yesulting phos-
phiorvlated enzymie heing guiie inaetive 21,
Aldvidge 0D working with p-uitrophcnyd
dicthyt  diophospluac, pennraphenyl di-
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Fioo 8. Progeessive deeiense in velocity of py-
ruvie carboxvlise by stuctd auslogs of p-
ruvate when inhibitors were wdded gt cortain in-
fervals prior to addition of substeate, Tuhibitors,
wrth tinad maolar coneentrations: 4, phenylpyru-
vate B0 < 100 B ketomalonate, 00 % 10°%; (0,
o-mtroplienylpymavate, 44 < 10°% D) p-hivdrosy -
phenylpyrvare, 15 = 10 ' K, ¢lveaviate, 18 %
H Pyravite coneentration, 45 X 10 M. The
wrrows udiente veloeity i oabsence of iuhibitor.
The fines are least==quares lines,

ethyl phosphate, and 8-quinolyl  dicthyl
thiophosphate, found that when cither of the
st two of these compounds was added 10
hix cholinesterase preparations st certain
thues berore addition of substrate, a plot
of logarithm of pereentace activity =
logurithm of veloelty) agninst time of ineu-
bution yielded o straight line which in-
tereepted the origing. When the quinolyl
derivative wax used, @ staight line again re-
sulted whicl, however, did ot intereept the
orighr. Sieh vesults with this Lutoer com-
pound fed hin o deduce that the difterenee
hetween logarithm 10040 activity anag e
actund utereept of the experimental plot
was aomcisuee of reversible inhibition: the
progressive hnemr portion of the plog waes
the Drreversible portion. An analogons =iiu-
ation appears evident with earboxylase jn-
Ibitors. Phenylpyravate,  o-nitroplanyt-
paruvate, and svonyvlate each vielded o
progressive inhibition which Jdid not inte -
copt the ortein, The fornwr wis the GV
hibator the effeers ol which were paaily
reversed by dialysisc Glvoxylune, phonyis



i

e 4

[
[

o

¥
.

:‘ l

S RN

. |

[ SE—

[ 1

L

P |

B

prravate, aed iso-nitro derivative thus
appesred to vield Rinetie vesnlts similar to
thee Sevuinolyl devivative of Mdridee o h
winte the other two were more anadogons 1o
his pe-nitrophenyl derivatives,

On the basis of the experimental lata
presented an exaet mechanism of mhibition
cannot he inferred. The evidenee indieates
that ihe five anadoes studied inomost detaid
combine with the active site of the enzyme,
The progressive inhibition occurring before
adldition of substrate could he the result of
simply a slow uptake of the inhibitor. the
final product being a complex between the
enzyme and unaltered analog. Sinee, how-
ever, decarhoxvlation of two of these ap-
parently ocewrred. the trie inhibitor may
hve been the aldehvde eorvesponding to
eacli of the analog<. The faet that deear-
boxylation of ketomalonate. elyvoxylate, or
a-nitrophenyipyruvare eould not be demon-
strater] does not neeessarily invalidate sueh
a proposal sinee the aldehydes theoretieally
thus formed were perhaps more potent in-
hibitors than the others and the total
amonnt of CO. evolved befare complete in-
activation of the enzyme could well have

Q610

2y : . GALT

escaped deteetion e to - limitations o
the method, The likehhood that a nondi-

<ocinble bonding ocenrs hetween any suel,
aldehyde formed and the enzyme as with
inhihition of cholinesterase by the organie
phosphates scems somewhat vemote. TE thy
were the ease, at any given enzyme eoncen

tration the degree of inaetivation of tl
enzyme would e the same upon deearboxy

lation of a eertain number of moleeules o
any of the inhibitors. The fact that p-hy
droxyphenvlpyruvate  was  almost  cots
pletely deearboxyTated at the coneentratios
employed, the veloeity deereasing with time

suggests rather that each molecule of alde

hyde, if formed, partially inactivates the ar
tive site at whieh it was formed.
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HISTORICAL EEVIEW OF BUTTER "STARTERS SRR !

.,

—

i or il

L. Hort ard H. A. Lesver -

e s
.

The tern “starters," or “cultures," as used by creamerymen,
is urderstood to refer to cultures of bacteria which induce souring ‘
ir milk or cream. These cultures contain the same bacteria that pro-
duce natural souring, but the process ray be corntrolled by the use of
starters. There are, therefore, no new chemical or, bacteriological
reactions irvolved, but simply a selection of the proper types of

bacteria from those naturally available, so that the reaction pro-
ceeds in the desired direction. oo

The use »f starters in the ranufacture of butter'has arisen
raturally., ZExpericrce had shown that the inoculation of fresh milk

. with srall quantities of sour milk increased the rate of . souring of

the fresh milk., 4 coumon procedure was to allow a nurber of sarples
of milk to sour spontaneously ard ther select the one with the best

flavor ard aroma for use in iroculating fresh batches of cream., An-

other method was to use bubttermilk obtained from a previous churning
of good butter. These methcds were described as early as 1776 as
being used in Mongolia. The use of naturally soured cream for butter
makinz is recognized s the first stardard for butter issued by the
Denartment in Circular 10, Office of the Secretary. This states:

"Butter is the product obtaired by gatherlng in any manrer fresh or
ripened nilk or crean * * *,¥

By 1850, it had Mecome commor. practice to use sour creeam as a’
starter. 7lds vas usua'ly not specially prepared, and the amounts

‘used for iroclulation we:e more or less a guess. By 1880, bacteriologi-

cal research began to be: apvplied to dairy vrocesses. Storch, in Der-
mark, was the vioneer ir this work, socr followed, during 1890-1900,
by Conr, in this country, and Veigmann, in Gerrany.

The use of pure cultures of selected bacteria was advocated
by Storch., The firsi comercial starters appeared in 1390, ard by
1897, out of the 863 butter plarnts in that country, 802 used cultures.
Origirally, pure strains of lactic acid bacteria were advocated.

The isolatior of the aroma-mroducins material of the famous
Isigny butter was arnournced by Biaille ir 1894, Ir 1896, Corrn stated
that, while the lactic acid in.butter is developed from lactose, the
flavor, ard provably the aroma, comes from other sscurces. Eis cul-
ture Bacillus No. +1, isclated from milk from Uruzuay, was clainmed
to improve the sccre of bubiter:

Durirg 1917-1919, several irnvestigators showed that organisms
other thar strepiococcus le:tis are present in starters. Corrercial
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butter cultures,  as:now.sold, are a’tixtore:of S: lactis, the lac-
tic—acid~nroducing bacteria, with associnted orgarisms. These lat-
ter, which convert citric a¢id to volatile,acids,-give butter its
aroma and flavor., They have been divided into two groups, S, citro-
vorus and S. paracitrovorus, - These commercial cultures are usvally
supplied in liquid form. . The milk is sterilized, then inocnlated,
and sent out as rcquests for eultures are received. Some firms sup-
Ply commercial. .cultures in dry form. These are prepared by adding
an inert material, such as milk powder, starch or lactose, to a good
butter culture, then drying at a low terperature.

A recent development in butter cultures is the isolation of
diacetyl and the discovery that this substance is chiefly responsi-
ble for the flavor and aroma of butter. Diacetyl is ar oxidation
product of acetyl methyl carbirol, which is formed by bacterial ac-
tion from some of the milk constituerts, probubly citric acid. This
is gradually oxidized to diacetyl. In 1929, the Dutch scientists, Van

_Niel, Kluyver, ard Derx, observed that. certain bacteria,'growing ira

" place ard 1s then added to 100 gallons of pasteurized skin milk

special medium, produced a butter-like aroma, ALcetyl methyl carbinol
was fourd to be produced ir this medium.. The oxidatior wmroduct of
this compound, diacetyl, was known to have a butter aroma in very di-
lute solution, They concluded that it was diacetyl that was chiefly
responsible for the .aroma of butter. Harmmer, at the Iowa Experimert
Station, found that satisfactory butter cultures contained compara-

.- tively large amqurts of -diacetyl and of acetyl methy’. carbirnol,
" while unsatisfactory cultures cortained corparatively small amounts

of these constituents., He suggests that either of tliese compourds

. . be added»directly to the outter. He states, however, that there may
~be some question as to the legality of thic practice. S

- Hammer, in 1933 (Iowa Exneriment Station Bulle;in 155), de~
.veioped a special butier culture cortairing urusually large amounts
of acetyl rethyl carbinol and diacetyl.  This culture was made by
iroculating pasteurized millk with a citric acid fermerting strepto-

.ceoccus, allowing it to grow for 15-24 Lours, and then adding 0.15

Per cent citric acid and 0.3 per cent sulfuric acid. There are now

- experiments underway to investizate the keepirng quality, over ex-

tended pericds, of butters made with this starter,

. The usual procedure in the preparation of butter from ripered
Cream was to let cream sour at g temperature between 68 and 72° 7,
until an acidity of 0,6-0.7 ver cent as lactic developed. Irvesti-
gations showed that butter rade in this way did rot reey as well as

.sweet cream butter. The method of producing the. butter was changed

some six years ago to vrovide for the use of starters, vithout per-
mitting the acidity of the cream to reacn this figure. Tae culture
is first ETOVEL 1In a quart of sterilized millk until coagulation takes

-8
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The material is allowed to stand until it thickens and develops an
acidity of from 0,6-0.,7 ver cent as inctic. This soured milk is’
then added t0 the cream fram whicn the butter is to be made in a
proportion of 2-5 per cent, but et a temperature of around 50° rather
thar at the higher temperature. The crean is kept at this tempera-
turc overnight and the acidity develops only to 0.2-0.3 per cent,

The churrirg of this cream into dbutter is claimed to produce a full
flavor without the devclopmert of acidity. It is believed that this
has much better keering quality thar tutter made from cream which is
nllowed to sour to the higher acidity rmentioned above.

. Another procedure does not irvolve letting the cream stand
overright, but ratacr addirg from 2-5 per cont of the cultured skimmed
rmilk to the cooled, pasteurized crcam just before it is put into the
churn. If the flavor of the cresm is quite chjectionable, more start-
er is added to cover tnis up. Dccasiorally, the soured mill is added

- when the Tat bresks in the churn ard wher the vatch is trenched to

2dd salt. Tnis method is not often followed as it affects the keep-
ing quality by raising the curd content, nd also has the possibility
of reducing the fat content if the woisture closely approaches "the
limit." This irformation regarding the practicel vse of starters vas
obtained from ¥r. Trimble of the Bureaun of Dairy Isdustry, who stafed”
that the procedure of permitting the cream to stand overnight to de-
velop 0.2-0.3 per cent acidity was the one most gebzrally folloved.
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The Synthesis of Cell Constituents from Butane-2,3-diol

L By R. P. HULLIN anp H. HASSALL*
" - o Department of Biochemistry, University of Leeds

P

" Juni & Heym (1956) showed that the dissimila-
" tion of butane-2,3-diol by micro-organisms pro-
" ceeds via a cyclic mechanism to acctate. Butane-
., 2,3-diol is oxidized to 2-hydroxybutan-3-one and
w . - thenco to diacetyl, which, in the presence of thi-

" amine pyrophosphate, is hydrolysed to acetato and
.5 an ‘active acetaldehyde’ complex. The complex
% ~ undergoes an instantancous condecnsation with a
‘77" further moleculo of diacetyl to form 3-hydroxy-
RN 3-methylpentane-2,4-dione, which is then sub-
v+ 7 sequently reduced to 2,3-dihydroxy-3-methyl-
. pontan-4-one; this is hydrolysed to give a second
- ~moleculo of acctate and butane-2,3-diol. The net
_ “offect of one turn of this eycle is to oxidize butane-

72,3-diol to acotate according to the following
" reaction: . S
- -1+ -Butane-2,3-diol + 130, - 2 acotate + H,0

' Dagley (1958) suggested that the required syn-
. thesis of intermediates of the tricarboxylic acid eyclo

“ might oceur via the glyoxylate cycle (Kornberg &

7% Madsen, 1957, 1958; Koraberg & Krebs, 1957).
;-., + The main purpose of this paper is to show that
. Pseudomonas sp. {tentatively identified as P. fluor-
LA escens), utilizing butane-2,3-diol as sole source of
,carbon, incorporates [1-YCJacctato into cell con-
stituents consistent with the operation of tho tri-
v carboxylic acid and glyoxylate cycles. No evidence

’

...~ ¥ Present address: Department of Biochemistry, School
* of Medicine, University of California, S8an Franecisco 22,
UB.A, .

by Pseudomonas sp.

(Received 27 October 1961)

has been obtained in support of the direct form.
tion of succinate from acetate {Thunberg, 1999,
Clasky, Eicholz & Rafelson, 1958; Glasky g
Rafulson, 1957, 1959). .

This work has been presented in part to the

.- Biochemical Socicty (Hullin & Hussall, 1960).

' MATERIALS AND METHODS

Maintenance and growth of the organism. The organisn,
was originally isoluted from soil, by S. Dagley, on account
of its ability to utilize butune-2,3.diol as sole source of
carbon for growih. Stock cultures were kept on agar slope;
consisting of (w/v): KH,PO,, 029; (NH,).S0,, 029,
thiamine hydrochlorido, 0-0019; MgS0,,7H,0, 0-04%;
butane-2,3-diol, 0-19,; agar, 2-0%,; the pi was adjustedto
7-0-7-2 with NaOH. Tho organism was subcultured every
10-12 wecks, grown at 30°, and stored at 2°; desiceation of
the slopes was prevented by sealing the tubes with Pan.
film (A. Gallenkamyp and Co. Ltd., London, E.C. 2).

Cells were grown for 18 br. with forced acration at 30°in
10 1. flasks, containing 9 1. of medium, after inoculation with
800 ml. of & eulture grown overnizht in the same mediom.
This medinm contained (z./1.): KH,PO,,50;(NH,),S0,,20,
Mg50,,7H,0, 0-4; butanc-2,3-diol, 1-8; the pH was adjusted
to 7-0-7-2 with NaOH. Cell concentrations were deter-
mined turbidimetrically in a Hilzer Speliker photoelectric
ahsorptiometer fitted with 1iford tilters neutral IL. 508 and
blue O.B,. The cells were harvested while still in the
logarithmic phase of growth (0-25-0-35 mg. dry wt./ml)
using a Sharples continuous-flow centrifuge.

Manometric studies of oxygen uptake. The conventions
Warburg respirometer was used, as described by Umbreit,
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nurrlis & Stauffor (1937), to follow the uptake of oxygen
during the oxidation of substrates, ’

Incorporation of [1-1Clacclute into cclls wtilizing butane-
a3diol. Tho procedure of Kornberg (1053) was closely
followed for the purification of the [1-1Clacctate and for the
absequent analyeis of samples obtained from incubation
experiments. S

Freshly harvested colls were resuspended (4-3 mg. dry
wt/ml) in medium containing 2-0 my-butane-2,3-diol,
40my-phosphate buffer (p}l 7:0) and 40 my-NH,C], and
werated in a water bath at 30°. After 15 min., approx. 60-
109 of the diol hnd been utilized, as ascertained from a
amplo of the medium incubated et the same temperature in
» Warburg respirometer. A portion (0-85 ml.) of the reac-
tion mixture wns pipetted into a 80 mm.x 120 mm.
eentrifuge tube containing 3-0 ml. of ethanol and kept in &
water bath at 70°. [1-1*ClAcetate (50 puc/ml.; 8:3 pc/pmole)
(096 eole) was then added and this mixture used as the
wero-time sample. .

To begin the reaction, 11-5ml. of the suspension was
dawn into & graduated hypodermic syringe (20 ml.
aapacity), used without tho needle, and rapidly transferred
{0 2 50 ml. beaker containing 1-88 ml. of the {1-!Clacctate
solution. The addition of the cells under pressure provided
adequate mixing so that samples could bo withdrawn
inmediately with & sccond syringe of 1:0 ml. capacity.
These samples wero quickly ejected into 3-0 ml. of ethanol,
the times of addition to tho cthanol being recorded from a
stop-clock which bad been started when the cclls were
added to the radionctive solution. The reaction vesscl was
shaken continuously between sampiing of the reactants.

Analysis of samples oblained from incubation experiments.
The aqueous-cthanolic suspensions worc analysed by two-
dimensional chromatography in 909 (v/v} phenol-formie
acid-water (500:13:167, w/v/v) (Kornberg, 1958) and
butan.1-ol-propionic acid-water (Calvin & Benson, 1919) as
described by Kornberg (1958). The raslioactive spots were
beated by radioautography for 10-30 days with Kodak
{Kodirex) X-ray film, and the activity assayed by counting,
in sity, with a mica end-window B-tube (Cenceral Electric
Co, type THM 2/5) standing on a mask with an aperture of
U to § in. square, Radioactive compounds were identified
by elution and two-dimensional co-chromatography with

authentie wnlabelled samples of the compound in iwo
tolyent pairs. In addition to the two solvents mentioned
thove the following were also used: butan-1-ol-pyridine-
water (1:1:1, by vol.) (Morrison, 1033} and benzene-ethor—
%092, (v/v)-formic acid-water (30:70:11:10, by vol)
(W(*imhorg, 1959) for carboxylic acids; butan-1-ol-acetoue-
water—giothylamine (5:5:5:1, by vol) (Hardy, Holland &
Nayler, 1955) for amino acids.
. Unlabolled carrier earboxylic acids were located by spray-
ing with a 1-09% (v/v) solution of aniline and 1-0% (w/v)
xylose in 959 (v/v) methanol (Nordmann & Nordmann,
}“GU), and amino acids by spraying with 0-2% ninhydrin
 uectone (Smith, 1053) to whirh pyridine was added to
_2'0% (v/v) immediately Lefore use, :
Intensification of radioauteyraphs. Radionutograpbs with
fiint, spots, occasionally obtnined during co-chromato.
graphie identifieation, were intensified as deseribed by
Moses & Fedwards (1960). '

_ Preparation of ecll extracts. Freshly grown cells wero dis. '

integrated in a Hughes (1931) press withont, albrasive, This
erushod material could Lo stored ut ~ 14" forup toa month
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without noticcablo deterioration or change in character-
istics. Bach 1-0 g. of crusbed cells waa ground with 0-5 g. of
polishing alumina, grade 3/50 (Griffin and Gceorge Ltd.,
Manchester), and 2-5-3-0 ml of buffer (KH,PO,, 2:0g./1;
adjusted to pll 7-0 with NaOH). This procedure facilitated
both the dispersal of the crushed cells and the subscquent
clarification of the extract when this was centrifuged at
12 000g for 35 min. at 2°. A pink viscous supernatant
solution was obtained with a protein concentration of 30—
35 mg.fml., as cstimated by the method of Sols (1947), with
s solution of crystalline bovine serum albumin for the
preparation of a standard curve.

Dretermination of diacetyl. The method used was that of
Neuberg & Strauss (1945) as modified by Spencer (1050). It
consists in forming the bis-2,4-dinitrophenylhydrazone by
heating the sample of diacctyl (0-0-6pmole in 10 ml.) with
50 ml. of 0-029 2,4-dinitrophenylhydrazine (in 2n-HCD) in

stoppered tubes at 100° for 60 min. The resulting precipi-

tate was centrifuged (a process facilitated by the addition
of a littlo kaolin), washed successively with 55-HCI and
water, and the colour developed by twice extracting with
50 ml. of 0-3% sodium in cthanol. The pooled extracts
were diluted to 25 ml. with sodium ethoxide solution, and
the extinction was read at 551 mpu. )

Determination  of 3-hy,rlmzy-3-mctkylpenlanc-ZA-dione.
This was determined by using acidified ammonium molyb-
date (Juni & Heym, 1957). :

Delermination of glyoxylatc and x-ozoglutarate. These were
determined in the presence of each otber by tho method of
Fricdemann & Haugen (1943) as modified by Olson (1959).

Chromatography of 2.4-dinitrophenylhydrazones of keto
acids. 2,4-Dinitrophenylydrazones of keto acids were
chromatographed one-dimensionally in butan-1-ol-ethanol-
ammonium carbonate buffer (40:11:14, by vol.) (Dagley,
Fewster & Happold, 1952). Further characterization was
obtained by spraying the chromatograms with 2:09; (w/v)
KOH in nq. 909 (v/¥) ethanol.

Assay of isocitrale lynse (isocilratase) activity. For each
extract a serics of dilutions was prepared and cach in turn
was incubated for 10 min. at 30” in a reaction mixture con-
tnining 100pmoles of DL-jsocitrate and  5-0gamoles of
MgSO, in a total volume of 1-5 ml. of phosphate buffer
(KH,P0,, 2:0 g./L.; adjusted to pH 7-2 with 5x-NaOH). The
reaction was torminated by adding 1-5 mlL of 109, (w/v)
trichloroncetic acid, the precipitated protein was removed
by centrifuging, and the glyoxylate formed was determined
as described above.

Reaclions of [1-¥Clalyorylate in cell extracts. Reactions
wero carried oub in Warburg respiromoters filled with
nitrogen, and torminated by quickly removing the flasks
from the manomcters and adding 3-0 ml. of hot (70°)
cthanol. The samples, with washings, wero centrifuged, and
the supcrnatant solutions cvapornted to dryness at 60°
wnder redueed pressure in an atmosphere of nitrogen. Fach
desicento was dissolved in 0-2 ml. of nq. 20 9/, (w/v) ethanol

brought to 0-1x with HCL, and 005 ml. analysed by

chromatography with phenol-formie  acid-water. The

aclivitics of tho glyoxylate and malate spots were assayed, -

as deseribod sbove, after loeating them by radicautogra phy
(2~4 days).

Materials, Sodiam Dl-isocitrate was preparod by bhydro-
lysis of the lactone by the method of Olson (1859). Glyoxy-
late, as the monohydrate of the sodium salt, was syn-

« thesized as described by Motzler, Olivard & Sncll(1954),and

ki ]
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{f\'droxy-&methylpentane~2,4~dione (obtained in s0lu-

Aydru.\:ybutan-:l-onc, diacetyl (all redistillod before use),
DL-isocitric acid lactone, ATP, NAD, CoA and neetyl
phosphate were obtained from I, Light aud Co., Colnbrool;,
Bueks., and bovine serum albumin from Armour Labora.
tories, Chicago, U.8.A. ]'sotopicu“y labolied compounds
were purchased from The Radiochemical Centre, Aimncr-
shai, Bucks. Other chemicals used were of AnalaR grade

- (British Drug Houses Ltd., Poole, Dorset),

RESULTS . o ’
'Dz'ss?;nz'lation of butane-2,3-diol 10 acetate. Pre.

liminary experinients were designed to confirm that
the cycle, proposed by Juni & Heym (1956) for the

"} dissimilation of butane-2,3~di_ol, " operated  in
|
o

Pseudomonas sp.
2-Hydroxybutan-3-one and acetate readily ro-
placed butane-2,3-diol ns the growth substrate for
P% tho organism. No growth was obtained on diacetyl,
i arcsult consistent with that of Juni & Heym whieh,
D as they suggested, is probably due to the known
bacteriostatic effect of diacetyl (Myrvik & Volk,
ww 1954). Suspensions of washed cells, grown on the
- ¢ diol, rapidly oxidized butane-2,3-djol, 2-hydroxy-

N

S aerobic conditions, The recovery of 3.
r 'y-3-methylpentsmo»i’A~dione was completo
57 Oneation of diacetyl to acetato, The accumulation

AN

butan-3-onc, diacetyl and acetate; cell oxtracts
- oxidized the diol and the carbinol at similar rates
but diacetyl and acetate only slowly,

F The key reaction of the eycle, the synihesis -

;of 3-hydro_\'y-3-methylpentnne-2,4-dione from di-
- 'acetyl, was shown to occur in eell extracts even

1), indicating that there was no dircct

of 3-11yd1'oxy-3-methylpentane-2,4-djono from di-
cetyl in cell extraets is believed to bo cansed by
{i};\ho inhibition of 3.hydroxy-3-methylpentuno-2,4-
“*dione reductase at the concentrations of diacetyl
~ used. The extraet (10 1al.) for this experiment was
>repared in 0-02r-tris buffer, pIf 6-8, and dialysed

: Fxt 2° against three changes of 2 1. of the same buffer
- L.Jjoratotal of 6 hr. In this way, inorganic phosphate,

" which interfores in the estimation of 3-hydroxy-3-
cthylpentanc-2,4-dione and which would he
jarried through from the growth ncdiwm, was
_emoved. .
Incorporation of [1-"Cacetate by cells wlilizing
butane-2,3-djol. When [1-8C]acetate was added to a
{spension of wholo cells utilizing butane-2,3-diol,
jotope was rapidly and lincarly incorporated into
the cell conslituents soluble in aqueous cthanol; g
decroase in the rate was observed after the first
Minute. Incorporation of g into the fraction
soluble in aq. ethanol (protein and lipid) was also
observed but thig occurred at a much lower rato,
Variation in the percentuge distribution of 14 ip.
PY-porated from [1-¥Clacetate into constituents of the

PO

il a8 deseribed by Juni & Hoym (1957), Butane-2,3-djol,

- tho rapid accumulation of activity in glutumdte

- Table 1. Formation of 3-hydroxy-3-mellzylpenmm,_

soluble fraction, Analysia of tho samplcs Obt‘nined
after adding [1-YCucetuto to dolly utilizing butay,,
2,3-diol showed that isotope was incorporated intg
coll constituents iy agreement with the concomitant
operation of the tricarboxylic acid and glyOXylate
cyeles (Vig. 1], The initially high and decreasiy

pereentago of the total activivy found in citrate ang

2,4-dione from diacetyl by extract of I’:;cudomo;m_i
Sp. grown on butane-2,3-diol .

ol

The incubation mixture contained: 105 umoles of
diacetyl; 10pmolos of MgS0,; 201l of dialysed cel]
extraet, 33-6 mg. of proteinfinl.; 100 ymoles of tris, piT g.g.
water to 10ml. The reaction mixture wag incuhate,i
acrobically at 30° vvigh shaking in 4 in. x6 in. boilip,
tubes, and samples (1.0 ml} were withdrawn from the
mixture at the times given and stopped hy the addition of
1-0 ml. of 10v; (w/v) trichloroacetic acid.

. 3-Hydroxy-(}-methy]pentann_

Diacetyl 24-dione formed (umoles)
Time . utilized ~ g_\.
(min.) (pumoles) Cale, Found

2 356 17-8 180
[ 67-1 33-5 32:6
10 858 424 ) 4):1
20 99-0 44-5 43-2
40 105-0 , 52:5 . 502

Y (%)

20

s
(=]

Distribution of incorporated activit

0 1 7 3 4 5678
Time (1nin.)

Fig. 1. Variation with time of the percentage distribution of
UG ineorporated from [1-YClacetate into constituents
soluble in aq. ethauol of Paeudomonas sp. utilizing butane-
2,3-diol. O, Citrate;. @, malate; A, aspartate; [, sw-
cinate; g3, glutamate. .

o) £3%)
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‘were consistent with the action of the condensing
epzyme. Similarly, the decreasing percentage
activity of malate and the relatively high initial
getivity in aspartate suggested the entry of acetate
into the tricarboxylic acid eyele via the mediation
of malate synthase. The low initial activity of
succinate, & compound shown {o be present in large
amounts by the subsequent high MC content,
obviated its direct formation fromacctate. Labelled
phosphates did not appear until 16 sce. after the
addition of [1-1*Clacetate and even after 16 min.
did not account for more than 59, of the total
incorporated activity.

The appearance of activity in S-hydroxybutyrate
was noticcable (1-3 9) at 6} sce., and was cqual to
11-:39, of the total at 1 min. and 12-89, at 4 rnin.
20 sec. The percentage of the total activity present
in B-hydroxybutyrate then decrensed concurrently
with the formation of an unidentified labelled com-
pound with lipid characteristics. This compound
{By approx. 0-9-0-95 in hoth solvents) was prob-
ably poly-S-hydroxybutyrate, although this was
not confirmed. ‘

The only other compound accounting for more
than 59, of the total activity at any ono time was
glatamine, The incorporation of aclivity into this
compound suggested that it was readily in equili-
brium with glutamate. The activities of both
Bhydroxybutyrate and glutamino have been
omitted from Fig. 1 to preserve clarity of presenta-
tion,

Isocitratuse activities of cell extracts. The activity
of isocitratase was assayed by estimating the
gyoxylate produced from isocitrato under standard
Taction conditions. Crude extracts of the organ-
Em grown on either butane-2,3-diol or acetate
Bpidly accimulated both glyoxylate and «-oxo-
fintarate, consistent with the action of isocitrataso
amlisocitrate dehydrogenase respectively. Further,

~ Alter maximum accumulation of glyoxylate, the

Ctcentration of this compound deercased with
ne und finally it disappeared complotely from
Teaction mixtures. This destruction of glyoxylatoe
%us later shown to be due, partially, to its reduction
alycollate (H. Hassall & R. P. Hullin, unpublished
wark). Dialysis of the extract against buffer
(KIL_,P()U 2-0g./L; pH 7-2), as deseribed above,
r_cduced both the production of z-oxoglutarate and
Whe further metabolisin of glyoxylato to negligiblo
Proportions.

The activity of isocitratase in oxtracts from cells
810%n on butane-2 ,3-diol was identical with that in

“tracts of cells grown on acctate, This corresponded -

8 glyoxylate production of 5-76 pmoles/hr./mg. of
Protein and was approximately 20 times that found
¥hew succinato was the growth substrate (Fig. 2).

Synthesis of malate by cell extracts. 'Tho presenco

M maloge synthase was confirmed by domonstrat-
L i ‘ .

ing the appearance of activity in malate when cell
extracts were incubated with [1-1'Clglyoxylate and
varions unlabelled additions.  Although extracts
were first dialysed for a total of 6 hr. as described
above in all cases, soms [MC]glycollate was pro-
duced together with traces of other labelled com-
pounds. Nevertheless, certain additions, namcly
acctate and precursors of acetate with the necessary
cofactors, produced a marked coffeet on the distribu-
tion of 1C between malate and glvoxylate (Table 2).

The necessity of CoA for the synthesis of malate
was shown by removing the cocnzyme from extracts
by treatment with Dowex 2 (C1™ form) (Chantrenne
& Lipmann, 1950); the synthesis of malate from
glyoxylate, acetate and A'UP only occurred if CoA
and Mg?®** ions wcere added to the incubation
mixtures.

Preliminary experiments suggested that malate
synthase, in the organism used, was not under
adaptive control. Cell extracts of the organism
grown on succinate also exhibited malate-synthase
activity, indicating that the development of this
enzyme, unlike that of isocitratase, was not neces-
sarily dependent on a C, growth substrate, or on a
substrato giving rise solely to C, compounds.

S

ilyoxylate produced (pmoles/10 min.)
[

] - 1
0 2 4 6 8 10

Protein (mg.)

Fig. 2. Isocitratase activitics of extracts from cells grown
on: ©, butance-2,3-diol; O, acetate; A, succinate. lach
reaction mixture contained 100umoles of DL-isocitrate,
G-0pmoles of MgSO; and the given amount of extract
protein in a total volumo of 1.5 ml. of phosphate buffer
(KH,1’0,, 2:0 g./1.; pH 7-2). The mixtures were incubated
acrobically at 30° and tho reactions terminated afier 10 min,

by the addition of 1-5 ml of 109, (w/v)} trichloroacctic acid._‘
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Tablo 2. Ticorporation of 1€ fram [1-8Q)glyoxylate
into malate by cell cxtract of P'scudonionnd sp. grown

on butune-2,3.diol

Yach iucubatjon mixture containod: 04 janole of sodium

F[1-MCglyoxylato (0-05p0; giving 576 x 10° cotuts/min,

under the conditions of the radio-assay); 20pmoles of
potassivm phosphate, pH 7:0; 3-:0 mg. of oxtract protein

and additions in a total volume of 10 ml.; 0-8 mole of each

addition wag used except for NAD (0-2 umole). The ecll
extract had proviously beon dialtysed and preincubated for
30 min, with 2-0 units of CoA and 0-1 gemole of Mgs0,/mng. of
protein, The mixturcs were incubated at 30° fur 43 min.inan
atmosphero of nitrogen and the roactions torminated by the
addition of 3-0 ml. of ethanol, The uetivitics of the residual
glyoxylate and of the malate were determined as deseribed

in the Methods soction. . .
10-% > Radioactivity
{counts/min.)
Al

I8 Al
Additions  ~ Glyoxylate  Malate

None 530 0-22
Acatate 6-34 0-17
" ATP 4-98 0-54
Acctate + ATD 0-46 4-18
Diacetyl +-ATP 2-24 2-53
2-Hydroxybutan-3-one + ATP 1-82 2-04
Butane-2,3-diol + ATP 27 2-09
NAD ) 540 0-20
2-Hydroxybutan-3-one + ATD + 0-26 412

- NAD )
Butane-2,3-diol + ATP + NAD 2-40 2-81

DISCUSSION

Tho results obtained arc consistent with the
initial dissimilation of butane-2,3-diol to acetate,

" followed by the synthesis of all ccll constituents

from this C, compound; in the latter respect, organ-
isms grown on butanc-2,3-diol behavoe in a manner
identieal with those grown on acetate. The implica-
tions of microbial growth on acctato as sole carbon

‘souree, the necessity of net synthesis of C; inter-
" mediates of the tricarboxylic acid eycle, and the

essential role of the glyoxylato eycle in the meta-
bolism of these organisms, have been discussed fully
in recont years (ornberg & Madsen, 19567, 1958;
Kornberg & Krebs, 1957; Callely, Dagley &
Hodgson, 19538; Colling & Nornberg, 1960; Korn-
berg, Phizackerley & Sadler, 1960).

- We have shown that whole cells of Pseudomonas

sp. (probably P. fluorescens) growing on butanc-

2,3-diol rapidly incorporate ¥'C frora [1-}Clacetato

. consistent with the concomitant operation of the

tricarboxylic acid and glyoxylate cycles. The distri-
bution of isotope during the first fow seconds of
incubation period is in agreement with the entry of

acelatc into tho tricarboxylic acid cycle at two sites, ~

namely, via the mediation of tho condensing cnzyme
to give citrate, and of malate synthase to give
malate. The low initial activity of succinate and
the correspondingly high initial activity of malate

QY52
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indicute that liitle or no malate is formed viy
succinate. Thus tho dircet formution of succinate
from acctate (Thunberg, 1920; Glasky, Llicholz &
Lafelson, 1058; Glasky & Rafelson, 1957, 195Y)
plays no obvious part in tho synthesis of ecll coun.
stituents from hutane-2,3-dicl. The abscneo of
labelled phosphutes during the initial incubatioy

" periods  strongly suggests thatb carbon  dioxida.

fixation moechanisms are not operative Lo any larg,
oxtent during the metabolisim of acctato.

The results obtained using cell oxtracts aro alsg
fully consistent with the operation of the glyoxylale
cycle. Isocitratase, an onzymo cssential for the
functioning of tho cyele, and shown by many
workers (Campbell, Smith & Eagles, 1953 ; Smith &
Gunsalus, 1955, 1957; Olson, 1954, 1059; Sz,
1054 ; Saz & Hillary, 1956) 1o be formed only whiy
there is a noed of net synthesis of cell constitue:y
from acetato, was present at high levels of activity
during growth on butane-2,3-diol (5:76 pmoles of gly.
oxylato formed/hr./ing. of protoin). Correspondiiy
activitics of the onzyme during growth on acetats
and succinate wero 5-94 and 0-24 respectively.

The presence in cell oxtracts of malate synthase,
also required for the operation of the glyoxylate
cyclo {(Wong & Ajl, 1956), was shown by the incor.
poration of ¥#¥C from [1-14CJglyoxylate into malate,
Provided that the nccessary cofactors wero pre.
sent, acetate, diacetyl, 2-hydroxybutan-3-one and
butane-2,3-diol all increased tho amount of 1
incorporated into malate, )

The net synthesis of C; dicarboxylic acids of the
tricarboxylic acid eyele can be accomplished from
butane-2,3-diol by the following reactions:

Butane-2,3-diol 4+ 110, - 2 acotate + 1,0

Acetate + glyoxylato + 40, — (malato +10,) —
oxaloacetute +H,0

Oxaloacctate 4 acetate -» (citrate) - isocitrate
Isocitrate -» glyoxylato 4 succinate
Sum: Butane-2,3-diol 4- 20, — suceinate + 2H,0

The synthesis of B-hydroxy-{**Clbutyrate from
[1-*Clacetate is assumed to oceur via acetyl-Cod
and acctoacetyl-CoA. Both of these are fugitive on
chromatograms so that the first labelled product
appearing would be 8-hydroxybutyrate itself. The
relatively high aecumulation of this compound is
of interest owing to its recent implication in
terminal respiration (Kulka, Krebs & Eggleston,

1961; Krobs, Kagleston & D’Alessandro, 1961) und {

its rolo us & precursor of poly-f-hydroxybutyrate, a
storage compound in many micro-organisms
(Doudoroft & Stanier, 1859; Macrao & Wilkinson,
19568). The polymer can also scrve as a substrate for
endogenous respiration in certain aerobes (Macrae
& Wilkinson, 1958). A radioactive compound with

lipid chnracteristics, formed from [1-MClacelate

e

e
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during tho later stages of the incubation, might
possibly bave been the polymer, although this was
pot confirmed.

. SUMMARY

1. The operation of the cyclic pathway whereby
butanc-2,3-diol is dissimilated to acetato has been
confirmed in Pscudomonas sp. Whole cells of tho
erganism growing on butane-2,3-diol rapidly oxidize
all members of the cycle. Extracls of these cells
catalyso the formation of 3-hydroxy-3-methyl-
pentanc-2,4-dione from dincetyl.

2. After brief inenbation periods, suspensions of
the organism utilizing butanc-2,3-diol incorporato
HC from [1-1*CJucetate only into intermediates of
the tricarboxylic acid cycle, dircetly associated
amino acids and f-hydroxybutyrate. Tho possible
polymerization of this compound to give poly-8-
bydroxybutyrate, recognized as a storage compound
in some bacteria, i3 also considered.

3. The distribution of isotopc among the initial
products is consistent with the entry of acctate into
the tricarboxylic acid cycle at two points, namely
via the mediation of the condensing enzyme and of
malate synthase. Evidence has also been obtained
sgainst tho direct formation of succinate from
acetate; similarly, the absence of phosphates during

¢ the carly incubation periods suggests that carbon
- dioxide-fixation mechanisms play very little part

3

in the synthesis of cell constitucnts from butane-
2,3-diol.

4. Iixtracts of cells grown on butnne 2,3-diol
exhibit high activitics of isocitratase (5-76 ymoles of
glyoxylate formed/hr./mg. of protein) cquivalent
wthe activity when acetate is the growth substrato
8nd approximately 20-fold that when succinate is
the earbon source, Extracts of the organism grown
. butane-2,3-diol rapidly incorporate izotope into
Walato when incubated with [1-1*Clglyoxylate, the
"'cmqary cofactors, and ono of acctate, diacetyl,

hvdrovautnn 3-one and butano-2,3-diol.

5. Theso results indicate that the opceration of
the: alyoxylato cyelo is essential for the growth of
Pacudomonas sp. when hutanc-2,3-diol ig tho solo
Murce of carbon for growth.

We thank Dr S. Dagley for his intercst in this work, and
e, Chopman and Mr I, W. Trudgil} for assisting with
e of the experiments. Ono of us (I1.1.) wishes also to
Yank tho Depnrtment of Scientific and Industrial Reseavch
for o Studentship covering the period of this work.
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Acetoin (acetyvhnetylcarbinol) and diacetyl have long been
known Lo be products of the metabolisin of living organisms. They
have been found in bacteria (1--3), in yeast (20 21) und in animal
organisms {6--10). Recently Juni has treated the formation of
acetoin in bacteria, veast and mammalian tissue (11--12). The
elimination of acetoin in the animal organism has been treated by
Greenberg (15), while Green ef ul. have investigated the climination
of diacetv] in animal tissues (16) and Berl and Bueding the metab-
olism of acetoin in {ilariae (17).

In the following prelitninary report the writer sets forth some
observations on the metabolism of acetoin and diacetyl in liver
tissue in vifro. It has became apparent that the metabolism of these
compounds differs considerably in liver hiomogenates and in liv_er
slices. The homogenates are incapable of destroying acetoin, while
slices have a clear activity towards it. Also diacetyl hehaves differ-
-ently in homogenates and in slices.

1

METHODS

Rat livers prepared in {wo different ways were used throughout
1 . ; .
this investigation.. The homogenates were prepared in a Waring

1 This investigation has bten supperted by a generous grant from the
Feundation for the' Research of  Alcohol Problems.
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blendor with cold physiological NaCl as 1he suspending medivm
and diluted to coniain 1 part of liver in parts of homogenate, The
liver slices were cut with a razor blade in cold physiological Natl,

In the experiments cither 5wl of the hompogenale or 1 g of liver

slices in 5 m1 of physiological NaCGl were used ns sources of IVARITIR
The rest of the reaction mixture was in both cuses of the e
composition: 3 mim/'5 phosphate buffer, pl1 7.1, and 2 ml (ad 10 i)
of substrales, activators and water, Aceloin and dincetyl were 1sed
in 0.1 % solulions (1 ml - 1 mg), Na-pyruvale and acetaldebyvde
in 19, solutions (1 ml . 10 nyg). Mn'*‘""-io}ns were added as g
0.5 * MuSO; solution. The diphosphothinmine was prepared from
thiamine according to Tauber (14). The constiluents of {he mixture
were added in the following order: buffer, aclivators, pyruvale,
liver preparalion, subslrales, acelaldehyde. Before adilition of the
substrales the flasks were aerated with tank oxygen to oblain
aerobic conditions.

To enable the course of the enzymatic reaction Lo he followed
I ml samples were pipetted from the mixture immediately after
addition of the substrate and after 30, 60 and 120 minutes had
elapsed. Sometimes only the first and last of Lhese samples were
taken. For Lthe determination of acetoin and diacetylin these samples
Westerfeld’s method (19) in a somewhat modified form was used.
The samples were pipetted in 1 ml of 3 o, metaphosphoric acid
and allowed Lo stand some time for the precipilation of proleins,
then diluted to 10 ml with water and centrifuged. The clear super-
natant was distilled according to Westerfeld in vacuo, in the
presence of NaCl, practically to dryness. A 5 ml aliquot of the
distillate was used for the colorimetric determination. Making use
of the fact that the colour develops much faster in the case of
diacctyl (about 10 min.) than in that of acetoin (60 min.) it was
possible to delermine acetoin and diacetyl simultancously by
measuring the colour at 10 and 60 min. From measurements with
pure acetoin and diacetyl solutions the following formulas were
derived:

Take
Eq = the extinction at 10 min.
Eg = » » » 60 min.
Ey = » » produced by acetoin. and
E. = » » » » diacetvl.

P

e s baite 45

:_ B , T J

Pend



M e Bl Biles o Bibows B REF o |
%
380 ‘ J. JARNEFELT
- i
Then (the factors were calculated from empirical data) 3

By = 13 Ey1.17 By
Ey = 132 Ey 031 o

From E, and Eg the corresponding amounts of the substances are
obtained in the usual manner from an extinetion curve. The measure-
ment of the extinctions was performed with a Beckman model B
specirophotometer at a wavelength of 5300 A. In our experience
the method described above is convenient and satisfactory. The
aceuracy is of course not very high, but seems Lo be sufficient.

RESULTS

The results are shown in Tables 1-- 1. In Table 1 the experiments
relating to homogdenates are collected. 1t will be seen that during
an incubation time of 2 hours no diminution of acetoin took place,
and that acelaldehyde or pyruvate had no effect thereon (exp. 1--1).

TABLE 1

HOMOGENATES

! Added. Theory ‘ r Found, y
. - DT e .
> .‘;\c‘ctuil— Pyruvate| Acetoin | Diacetyl 2004 m;.; B Acetoin l)‘mcct_\'lh
chyae : . . b )h bt yh 2
mg me ’ ! ! ¢ = ¢
i i
1 -— - 1600 - RES 97 0.8 1 08
2 1 - 100 110 99 3.6 1.
3 — 1 100 - 8Y 85 1.6 | 0%
4 1 - - — 0 7 0 0
5 —_ — — . 100 - 22 28 62 3
6 1 - - 100 + IS 28 57 55 32
7 — 1 - 100 -+ =+ 21 36 76 16
- 2 0
8 1 — — - S - 0 21 U

pH 7.4, incubated ol in a water bath at 37 C%

Diacetyl, however, was clearly active as substrate in homogenates
fortified with diphosphothiamine and Mn T (exp 5—S8). Pyruvate
and acetzldehyde seemed to have some effect on the disappearance
of diacetyl and the formation of acetoin from it. The ratio between

the acetoin formed and the diacetyl which has disappeared varies
in the cxperiments 5—7:

o g2

e

§TIR 3 T T = L L e
Ty O3y T Ty Ty Ty T
METABOLISM OF ACETOIN AND DIACETYL 1IN LIVER TISSUE ")4\.1
<-acetoin ] +acetoin -
5) —=——=~ 0.2, 6) —r——= ~ 0.33,
— diacelyl -—diacetyl

In exp. 6 the acetoin formed by acctaldehyde alone (21y) is sub-
tracted. Pyruvate alome did nol give any increase of aceloin, It
was necessary Lo use homogenates fortified with diphosphothiamine
and Mn*", as the results in pure homogenales were inconclusive.
The high O%ucetoin values in exp. 3-—7 are apparently due to
impurities in the diacelyl. After distillation of the diacelyl al
88 C° these impurilies disappeared as is shown in Table 2. exp. -1 -6,

TABLE 2

SLICES
Added, Theory Found
; Acetoin | Diacetyl Acetoin, Diacetyl, o
Ve ¥ om s0m GOm ‘ 120m om 30™ 60§ 1a0™m
‘ _
!
1 100 86 78 60 ‘ 16 1.2 1.8 ¢ 3.6
2 1600 95 71 0 5t 5.2 J.8 O 3.0
3| 100 . 1se 85 | 66 | 52 340 10| o 5.3
4 - 100 | 57 | 59 i 50 1 66 |26 | 13 | 134
3 - 100 0.5 | a9 76| 85 77 ] 20 147 | 100
6 100 570 50 | 66 | 61 [114 |25 | 721 92
ptl 7.4, incubated 30 ~120™ in a water bath at 37 C

In Table 2 the corresponding experiments with liver slices are
given. One can see Lhat the amount of acctoin has clearly decreased,
but that no diacetyl has been formed. (exp. 1—3). In exp. 1--6 a
very heavy decrease of diacetyl is seen, which is followed by the
formation of an aequimolar amount of acetoin. Contrary to the
homogenates the ralio

~+-acetoin

diacetyl
(The O™-value for diacetyl in exp. 6 is clearly too high, probably
due to an experimental error).

In Table 3 the dependence of acetoin disappearance on the initial
concentration is shown. It is a curious fact that no disappearance
is seen at high initial concentrations (exp. 3—-i) while at lower
concentrations the phenomenon is clear. Table 4 on the other hand,
shows Lhe same experimental series for diacetyl. The reaction

tevd
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TABLYE 3

SLICES
IA_ o \eetoin fround ]
No. ,‘\,‘hh“l‘ Acetoin, 7 Diacetyl, 5
l Theory ! . : -
1 |! a | ”h ‘ ‘.lh “h 9h
! i ‘
S S I 50 38 34 0.8 2.4
\ o | 200 158 1 a6 Rt 7.4
s 8O0 155 | 1435 63 21
K 1 oop BN ] G8O 10 10

Conditions same as in Table 2.

TABLLE
SLICES

;“ [ \i;x(:Q;?} t Fouurd 1

I Added = . Aeetoin

P Acetoin, 5 Dincetyl, 5 — |
i N Theory S R ' - Dincetyl
i 5 olt ‘ ol !,h ' oh
| : i | ‘
T R TR R w2 11
; 2 200 N 129 12 13.1 1.3 l
T 9 190 225 36 1.1 |
| 1 ) o o | soe 315 1ot 12|

Conditions same as in Table 2.

velocity increases with increasing initial concentration. The ratio
between aceloin formed and diacetvl consumed is given in the
Tast column, the values are essentially the same as those derived
from Table 2.

DISCUSSION

The abovementioned results are nol so casy to explain. The
lack of activity towards acetoin in the homogenales is probably
due to some dilution effect. Another possibility would of course
be the destruction of some component of the enzymatic system
during the homogenization. As to the mechanism of acetoin dis-
appearance in liver slices it seems fairly clear that acetoin is n(.)t
oxidized to diacetyl. When acetoin is consumed no incrcase I
dincetyl concentration is observed. Such a situation could be
possible, of course, if the diacetyl formed were wmetabolized with
a velocity greater than the velocity of formation. This is actually
the case, bul during the metabolism of diacetyl an acquimelar
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(at least) amount of acetoin is invariably formed. This would lead
to the paradox that no decrease in acetoin concenlration ought
to be detected. The mechanism of the melabolismy of acetoin is
still obscure. In this connexion however, the author wishes to
express the following thoughts. A possible line for Lthe metabolism
of acetoin could be a splitting of the molecule into two parts, through
some mechanism, probably involving coenzyme A, being used for
acetylation purposes. The fact that Doisy and Westerfeld have
found that aceloin increased the acetylation of p-aminobenzoic
acid (18) and that Kinnunen arrived to the smmne result in the
case of sulfonamides (22), can be taken in favour of the hypoihesis
proposed above.

The fale of diacetyl tn metabolism, seems, at leaslt partly, to
be a conversion into acctoin. In liver slices this conversion is total.
Green el al. have deseribed an enzvme, which Lhey call diacelvl
mulase (16), and which catalyses the dismutation of 2 moles dizcetyl
into 1 mole accloin and 2 moles acelic acid. The guantitative
results in our homogenales {it into this system, Lo some extent at
least, but the activity of the slices cannot be explained by it. In
this respect the author’s experiments could better be explained
through some sort of transcarboligation. as described by Akabori
and Shimazu (13). In any case it seems clear, that the metabolic
pathway of diacetyl primarily goes through acetoin.

Work for a thorough explanation of these problems is in progress.

SUMMARY

1) A method based on Westerfeld's (19) is given for the simult-
ancous determination of acetoin and diacetyl in the same sample.

2) Tt is found, that rat liver homogenates do not us2 acetoin as
substrate, while liver slices do this.

3) In liver homogenates diacctyl is partiallv converted into
acetoin.

4) In liver slices however, all diacelyl which has disappeared,
is recovered as acctoin,

5) All experiments in this study were carried vut under acrobic
conditions.

6) Some questions, raised by the results above, are discussed.
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I. Acute Oral Toxicity
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Abstract—Oral dosages of 107 synthctic and natural flavourings and s(mctumny related com-
pounds werc administered by intubation to the mouse, rat or guinca-pig. Animals were ob-
served usually for 2 weeks during which time the development of toxic signs was followed and
time of dcath recorded. The acute oral LDy, of each compound was determined.

INTRODUCTION
- Substances used as food flavourings have received little attention from the toxicological
! viewpoint. Because of their extensive usc as food additives, the Food and Drug Administra-

) tion has been investigating their toxicity. ‘
- The initial step in our toxicity studies was the delermination of the acute oral effects. This
: paper presents data on acute toxicity for a Jarge number of flavouring matters. Similar data

are reported for additional compounds, not necessarily flavourings, but included as a means
of correlating structurc with toxicity. These relationships have been discussed by Taylor,

r-ﬂf\\ Jenner & Jones (1964) and Hagan, Jenner, Jones & F ltzhugh—-l" oxicology,; Long, Brouwer
, & Webb—Pathology (1964).

Flavour additives include compounds with a wide variety of chemical structures, and
mixtures of variable composition derived from plants and other natural sources. Some of

H the substances are synthetic, others arc isolates or extracts of natural products. Since the
& purpose of these studies was to evaluate the toxicity of these materials in relation to their
use as food additives, a commercially available material was used. No attempt was madc to

- secure chemically pure compounds.

H

H .

i
- METHODS

Groups of 10 young adult Osborne-Mendel rats evenly divided by sex were fasted for
approximately 18 hr prior to treatment. Groups of guinea-pigs consisting of both malcs and
females were fasted for the same period. Mice were treated on full stomachs. Animals had

. access to water at all times, and the food was replaced in cages as soon as animals received
their respective doscs. All doses were given by intubation, ,

All animals were maintained under close observation for recording toxic signs and time
of death. Such obscrvation was continved until animals appearcd normal and showed
weight gain, The usual obscrvation period was 2 weeks; in a few cuscs, where no acute toxic

“signs were seen, the animals were observed for only one wwl\ LDyy's were computcd by the
method of Litchficld & lecoxon (1949). :
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The LD.y,’s, slope function, and their confidence limits, together with toxic signs and
times of death, arc recorded for each compound in Table 1. The species tested, solvent, ang
solution concentration (w/v) are also listed. Where no solvent is indicated the substance was
a liquid and it was administered undiluted. ’
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Concentration 1.Dy, with Slope function . . N
(w/v) and 95°%, confidence with Toxic signs )
solvent limits 95% confidence and death
Compound, usced Species (mg/kg) limits time (D.T.)
ophenone Rat 3200 19 Coma within 5 min persisting in some
ethyl-1-phenyl ketone) (2460-4160) (1-3-2:8) - rats for 24 hr
D.T. 1 hr-4 days
hyde C-10 decyl Rat >>33,320* — Excitation, diarthoea, wct fur on -
canal) Mouse =~41,750 — stomach and posterior in both, ; o
species : : c i
wyde C-14 Rat 18,500 1-2 Depression within 10 min. Wet fur e ’
undecalactone) : (16,930-20,260) (1-:0-1-3) D.T. 4 hr-5 days o
wde C-18 prunolide Rat 9780 1-6 Depression, coma §
:tone of 4-hydroxy- (7480-12,810) (1-4-1-8) D.T. 4-18 hir [l
wnoic acid) g
do. Guinea-pig 3440 1-5 Decpression, salivation *
: (2890-4100) (1-2-1-8) D.T. 4 hr-6 days o
acetatet Al—10% Rat 142 1-6 Decpression  soon  after trcatment. =
(116-175) (1-3-2-0) Rough fur, scrawny appearance for 6
several days 1
D.T. 4 hr-6 days 3
do. A—2&5% Mouse 170 12 Depression o]
(152-190) (1-1-1-3) D.T.4-18 hr : ’
cetic acidt A—15%, Rat 470 1-5 Depression within 30 min. High dose =
ienoic acid) (385-573) (1-3-1-8) causcd convulsions. Most rats that 5:
recover appear normal the day S
following trcatment I =
D.T. 30 min-18 hr z
do. A—15Y% Mouse 610 2:2 Depression Q
(460--808) (1-5-3-1) D.T. 1-18 hr
deoholt B—2% Rat 70 16 - Dcpression, colourless secretion from
(1:2-2-0) cyes, diarrhoca, scrawny appearance , ’

(63-79)

for several days
D.T. 4 hr—4 days

Jighest dose administcred . )
Toxicity was studicd because of structural relation to a flavouring agent. .

\=-corn oil; B==water.
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Table 1 (Continued)
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Concentration LD, with Slope function
(w/v)and . . 959 confidence with Toxic signs
po solvent limits 959 confidence and death @
. Compound used Species (mg/kg) timits time (D.T.) z
" (\)c Rat 1820 1-2 Marked depression, some rats in coma ;7;!
~-4-allylbenzence) (1670-1980) (1-1-1-3) for 24 hr, rough fur, wet posterior, 5
-~ . : porphyrin-like deposit around cyes z
b4 D.T. 4 hr-8 days =
L ) do. A—10,20%, Mousc 1250 16 Depression soon after treatment, coma ©
(812-1920) ©-9-2-8) on higher doses 2]
D.T. 1 hr-4 days ot
P benzenct Rat - 5540 -5 Depression, some rats comatose for ?)
(4620-6650) (1-2-2.0) 2-3 days, wet poslcrior, scrawny »-;
b appearance for scveral days <
D.T. 4 hr-5 days =
butyrate Rat 250 15 Depression, wet postevior, scrawny ;
i Iyl butanoatc) (216-290) (1-2-1-8) appearance for several days =z
} D.T. 4 hr-5 days °
""" caproale Rat 218 1-3 Depression. Scrawny appearance >
Ayl hexanoate) (186-255) (1-1-1-5) D.T.4-18 hr "“_?
p~ “do. Guinea-pig 280 1-3 Deprcssion, salivation g
- (246-319) (1-1-1-5) D.T. 4 hi--3 days M
L i cinnamate Rat 1520 1-4 Scrawny appcarance o]
ilyl 3-phenylacrylate) (1290-790) (1-1-1-8) D.T. 4 hr-8 days =
! cyclohexane R Rat 585 1-5 Dcpression, rough fur A
opionate (480-714) (1-0-2-2) D.T. 4-hr 6 days 8
#lyl 3-cyclohexyl- - A
-+ opionate) ®
do. Guinea-pig 380 ' 13 Depression, salivation, haemorrhage =9
. (172-834) (0-5-3-8) in small intestine o
7'} , D.T. 1 hr-6 days o
- 1l formatet A—5Y% ‘Rat 124 1-3 Depression, scrawny appearance for <
- . (107-144) (0-5-3-6) scveral days 2
. D.T. 4 hr-5 days N
do. - A-—-2Y, Mouse 136 12 Depression E
i . (122-151) (11-13) D.T. 4-18 hr é
U heptylate A—50% Rat 500 . 17 Ataxia -
liyl heptanoate) ‘ (392-638) (1-:2-2-2) D.T. 2-18 hr
do. Guinea-pig 444 1-6 Depression
- 363-541) (1-2-2-3) D.T. 2-18 hr
/'“\ (
-
H Table 1 (Conrtinued)
Concentration LD, with Slope function
(w/v) and 95 %, confidence with Toxic signs
- solvent limits 959 confidence and death
: Compound used Species (mg/kg) limits time (D.T.)
do. A—259, Mouse 630 15 Depression
. (514-772) (1-2-1-8) D.T. 2-18 hr
n] isothiocyanate A—10%, Rat v 339 1-6 Scrawny appearance, porphyrin-like
{ : (318-361) ' (1-2-2-1) deposit around eyes and nose, rough
= ' fur >
D.T. 4 hr-15 days a
o /| acetate Rat 16,550 12 Decpression, coma, rough fur st
entyl acetate) (14,370-19,030) (1-1-1-4) D.T. 4 br-2 days o
1 alcohol Rat 3030 1-2 Depression b
““entanol) (1440-6360) (1-0-1-4) D.T. few min-18 hir &
y! butyrate Rat 12,210 16 Depression, rough fur, wet posterior -
Pa.cntyl butyrate) (10,260-14,560) (1-3-1-8) D.T. fcw min-2 hr S
do. Guinca-pig 11,950 30 Depression, ataxia 5
(8530-16,730) (1-2-7-2) D.T. 2 hr-6 days =
/1 cinnamic aldchyde Rat 3730 14 Depression,  porphyrin-like  deposit =<
~n-pentyl-B-phenyl- (3190-4370) (1-2-1-6) around cyes and nosc =
1rolein) D.T. 4 hr-5 days -
vl valerianate Rat >35,420* _— No cffect in 2 weeks observation Q
~ienty]l pentanoate) 8
do. ) Guinca-pig = 17,260* _— Wet fur ,.5
- P D.T. 2-6 days N
- 1yris oil Rat 5580 1-5 Ataxia, coma within 1 hr, porphyrin- =
; (4540-6860) (14-1-6) like deposit around eyes and nosc. e
o Wet posterior )
1 D.T. 1-3 days g
g, Rat 2090 I8 Low doses—depression, high doses— n
i-methoxy-4-propenyl- (1420-3070) (1-3-24) coma
~2R7ENE) D.T. 4 hr-4 days
do. Guinea-pig 2160 13 Depression
(1920.2450) (1-2-1-5) D.T. 1-7 days
= do. Mouse 3050 16 Depression, coma within 15 min
(2330-4000) (1-:2-2-1) D.T. 2-4 he
saldehyde Rat 1510 ) 1-2 Dcpression
-methoxybenzaldehyde) (1360-1700) (11-1-3) D.T. 4-18 hr
- Ve e en 1"%¢.6} 1.7 Ty, S DL . T S
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Concentration LDy, with Slope {unction
(w/vyand - 95% confidence with Toxic signs
- solvent limits 959 confidence and death
| Compound used Specics (mg/ky) limits time (D.T))
b \ Rat 3700 12 Depression,  porphyrin-like  deposit
j penzenc) (32404220) (1-1-1-4) around cyes, salivation, bloody
- ’ : ) urine, rough fur
L D.T. 4 he-8 days
. phthyl isebutyl ether Rat 5930 19 Wet posterior, coma within 1 I,
" (4750-7420) (1-4-2-5) rough fur and black, soft stools
: . ] D.T. 1.6 days
zaldehyde Rat 1300 I4 Depression, coma on higher doses
' ; (1110-1540) (1-2-1-0) D.T. 4-18 hr
i do. Guinca-pig 1000 14 Diurcsis, tremors, intestinal irritation
(800-1250) (1-2-1-8) and hacmorrhage
DT, 1 hr-4 days
"";zcne'l" Rat 4080 17 Tremors, loss of equilibrium  and
; (3260--5100) (14-2-1) comatose on high doscs, scrawny
b appearance for several days
D.T. T hr-4 days
p~ zyl acetate Rat 2490 1-6 Depression
i (2040-3040) (1-1-2:4) D.T. 4 hr-3 days
}zyl alcohol Rat 1230 12 Depression, coma within 10-15 min,
i (1130-1330) (1-1-1-3) Excitable for 3-4 days
: D.T. 1 hr-4 days
= do. A—25%, Mousc 1580 12 Depression
| (1410 1770) (1-1-1-3) D.T.2-18 hr
izyl n-butyrate Rat 2330 13 Decpression, scrawny appearance,
enzyl butanoate) (1940-2800) (1-1-1-6) tremors with higher doses
D.T. 4 hr-4 days
1zyl cinnamate Rat 5530 22 Depression, coma persisting in some
. innamein, benzyl (3100-7740) (0-9-3-6) rats [or 24 hr
L #.phenylacrylate) D.T. 4 hr-5 days
do. Guinca-pig 3760 42 Dcpression, gastro-intestinal tract irri-
- (2340-6055) (1-3-13-8) tation, rcctal bleeding
1 D.T. 4 hr-6 days
‘utyl alcohol Rat 2510 14 Depression, comé
" “sutanol) (2220-2840) (1:2-1'7) D.T. 4-18 br
-,
1)
" " e i . 5 DA e e o b o s S8 e
"'} Table 1 (Continued)
4 Concentration LD;, with Slope function
(w/v) and 959, confidence with Toxic signs
o solvent himits 959%, confidence and death
i Compound uscd Species (mg/kg) limits time (D.T.)
"‘JSDU‘ oil Rat 3870 1-2 Scrawny appcarance, wet posterior.
(3360-4450) (1-1-1-3) Gross pathology shows pale, nut-
- meg livers. Depression, persisting in
: some animals for as long as 3 days
: D.T. 4 hr-9 days
" imus oil Rat 777 17 Severe tremors from 30 min-2 he after
(612-987) (1-3-2:3) treatment.  Scrawny  appearance,
=) weight loss for scveral days
% D.T. 4 hr-8 days
- saprylic acid Rat 10,080 1-6 Depression, diarrhoca
setanoic acid) o (8190-12,370) (1-3-2-0) D.T. 4 hr-9 days
vacrol Rat 810 1-2 Depression within 10 min, coma with-
h_ .5-isopropylphenol (710-920) (1-1-1-3) inlhr ’
methyl-5-isopropylp ) 4 DT 1 he-3 days
- vone Rat 1640 1-8 Depression, ataxia (loss of use of hind
»-mentha-6, 8-dicn-2-onc) (1260-2130) (1:3-2'5) lcgs)
' D.T. 4 hr-5 days
-1 do. Guinca-pig 766 13 Extremc depression
! - (603-845) (1-1-1-6) D.T. 4-18 hr
i Jiryl acctate Rat 44,750 16 Depression, scrawny appearance,
(33,650-59,520) (1:3-2:0) rough, wet fur
o, D.T. 4 hr-11 days
i’nnmic aldehyde Rat 2220 p Zld{ 6 Depression. diarrhoca, scrawny
¥ 1910-2600) 2-1- appearance
{ \gldehyde) ( D.T. 23 hr
! do. Guinca-pig 1160 1-5 Coma with higher doses
= {955-1420) (1-2-1:9) D.T. 2 hr-4 days
faconic acid B—25% Rat 1320 16 Depression,  scrawny  appearance,
“+ js-methylbutencdioic (1070-1640) (1-1-2-4) tremors, stomach hacmorrhage
cid) D.T.4 l}r—-3 days
— do. B—25% Mouse 2260 1-4 Depression, laboured respiration,
- (1930-2640) (1-2-1-6) hacmorrhage in  gastro-intestinal

'y
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Table t (Continted

Concentration LDy, with Slepe function
(wiv) and 959, confidence with Toxic sigus
F ~ solvent limits 959, contidenve and death
é i Cempound used Spevies (g k) limits time (D.T)
\o. .. B=25% Guunea-piy 1350 (S Scrawny upp;z’\.rnmcc, gastio-fneestinal
: . ) (LOH0--1788) (L3 n teact writation
; : DL tew @i 3 days
! Rat 4960 {5 Depression
o T-dimethyl-2,7-octa- (39406240 (2-20 DL, 4 he 4 days
aal)
wanng A5, Rat 680 18 Depression soon after teeataent,
H-I-benzopyran-2-one) : (305220 (-0-35) mottted livers
: DT 4 he 8 days
: do. Cl-——10%, Guinea-pig 202 2 Depression,  alaxi, sovere  gastro-
(179-2238) (-1 b intestinal tact nitation
. DT, 1-0 days
r inaldchvde Rat 1300 15 Deprossion withu L hrafter treatiwend,
i -isopropyiberzaldehy de) (HAO-1700) () e® serawny appearaove, porphviaeithe
deposit atoutd eyos and vose, Gioss
pathology showeil discolowed tiver,
- initated  gastro-intestinal liave,
stomach  haemorthage,  yollowish
waterial attached to the intestines
) DT, 4 b -10 days (moest deaths within
- ’ 2 days)
-1 amen aldchyde Rat 810 17 Atasia soon after treatiwent, coma
{ -isopropyl-a-methyl- (3080-4730) (1-3-2:2) within 1 he. Wet fur, porphyiin-like
- sdrocinnamaldchyde) depostt around eyes and nose
1. T. §-6 days .
oy YIIENE Rat 4750 17 Deptession soon aller dosing, coma,
%»—isupropyl-l-mcthyl : (3720-6060) (1-5-20) bloody lacrimation, diavrhoea. hrit-
_icnzene) able, scrawny appearunce for as
fong as 2 wecks
DT 4 b 12 days
P cetyl ' Rat 15380 15 Depression followed by convulsions
§2,3-bulanedionc) (1310-1920) (1-2-1'9) within 10-15 min alter treatment
i D.T. few min-2 hr
C—Propylene glycol
P, acceptable for food usc because of toxic effects observed on chronic feeding.
ook i it i R b v i S eV i Vi i AL A g R
- Table 1 (Continued)
: Conccntragon LD, with Slope function
- (w/v) an 959 conlidence with Toxic sisns
; Compound sil;c;t _ limits 959 confidence and de;ﬁh
; Specics (mg/ke) timits time (D.T.)
Q. Guinca-pi . A
- ' o ‘ Hnepe (722??350) 24 Ataxia, gasping, coma
llylacetic acidt CoB—2% Rat 570 (1-2-4-6) D.T. few min-4 days
. (467-695 -6 DCPrf:SSIon soon after treatment,
bod ] ‘ -695) (I-3-1:9) chxght loss, scrawny appearance
wydroancthole Rat 4400 T 15 days
I-methoxy-4-propylbenzenc) 9 Depression, wet posterior
- Yo, “ Mouse (3380 5720) (06-56) D.T. 4 hr-3 days
| X o : 5930.9 1-6 Porphyrin-like deposit around eyes
( -9000) (1-4-1-8) and nose, rtough fur, scrawny
appecarance
.‘,ﬁ*lydrocoumarin o Rat . D.T. 1",‘ days
FI.Z-bcnzoh_Vdrom'rone) ' (]13](;4 _61(2;20) ( olf—,_ 6) BC,?rCZSTO"Z d
&) do. PP ¢ Ve . 2 hr-2 days
Guinca-pig 14(1)7(’0 16 Depression
avdrosafroles , Rat ( »2(2-—(?3 70) (1-2-2:1) D.T. 4 hr-4 days
1,2-methylencdioxy-4- (1840 )2780 17 Depression  soon  after  treatment,
yopylbenzenc) - ) (1-4-2:0) scrawny appearance, lacrimation
do. . . . Mouse 4300 D.T.2-5 dz!ys
, (34205420 -8 Severe ataxia, coma
ey ricthylbenzy| carbinol Rat 1280 ) ( -§T2~7) D.T. 4 hr-5 days
{1.1-dimethyl-2-phenyl- (934 L1'770 3 Depression, coma
: M 4-1710) (1-0-51) D.T. 1-24 hr
do. Guinca-pi
- 8 988 17 Diurcsis, coma. Scvere gas i
SIS, [ gastro-intes-
pur (705-1380) (1-4-2:0) tinal tract irritation
N c . D.T. 1 hr-4 days
. jpropylacetic acid B—2% Rat ) ¥s
‘9 Lot ° b 670 12 Depression rinw Y -
.- 2-propylvaleric ac pres ,  SCrawny  appearance,
pylvaleric acid) (598-750) (1-0-1-4) diarrhoca in | hr
Slcourin : . D.T. 2 hr-2 days
=] I Rat 924 12 Depression, abdominal cavity filled
(825-1030) (I1-1-3) with bloody fluid
iyl butyrate Rat D.T. 2 hr-5 days
' b 13,050 12 Depressi Jithin i
ethyl butanoat - cpression within a few min, coma on
¥ 1e) (12,210-13,940) (1-0-1-3) higher doses
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Tuble 1 (Couiingeh b
o ———— e o 2 X
p o et ntion 1Dy, with Shopa fuwction
oY) and 95 Y, vonthdong T wih Toxie sigis
soheng lindis 03¢, vaadidengo At et ®
P omyponid sl Spavies unu \u\ tiis lnm (h | \ =
E Lol Lty tat, \“ \\\ 14 l) |\u~m\u [RULEN \\VL Y -.u\m t
- ! anoate) (3:‘“ it ‘\\‘\ H U.‘. §-6) DL he {\l\\ v Vs
h'-?' Rat 1850 to Duptession within 3-10 g L
, (1320 2210 (-1 Eabotied rwpintion .
i : ' DT, 1A min 2 b :
B do. Guinga-piy to 2n Diprossion, Iritiind gastio itestiual
: : (887-1100) (330 tract e
PVE I min 2w &
1 meshylpheny? glycidate Rat 30 1A ) l\\:pm»@un, rough By porphyep ke (
(i L ester of 2,3-epony- ' (1670 61 (RS B depavit aiouind eyes aod wive -
= nethvl-3-pheayvipropeionate) : PVTL 4 Bt =8
do Ciuinea-pig Aos0 {3 DPopression i vacving dogoss, eetal 2
(15404040 (12 -18) becing on high disos w
) : . DU b 7 davs S
vl oenanthate Rat PERER S Dipspression, coma, vonghy and wiet Ty »1{
th\l heptanvate) . ] o ] &
vl oxyhy .hmq lat 14,700 -t Coma within § win a
(13,300 16,240) o 1-H DU 4 he S days _ v
lpclnrg(\ugna Hat g 1, 000% - Depeession, fyritafed gastio intesiinagl i
}lhvl nonanvate) tiact, Appoated noonal 24 b adter .
. freatinent %]
Gnea-pig 24,100 (Bh} Depression, ivifated gastrocigtestinal - &
(19,330 30,240 (1220 tract B
F . D4 -6 days m
~v1 sebacate Rat 14,470 ] Wel b, depression I
Ahyl decandioate) (12,803 16,150) (1 15 T4 hed ddays o
do. Guinea-pig 71680 (R Depiession, diuresis "
‘ (5970 8000) (-1 AL B e 6 odays 3
f w1 vanillin C-—-20°; Rat = 2000 == I)«':pnmi«'m, coupiy on high disses i
" -ethoxy-4-hyidroxy- DT 318 iy : f}
benzaldehyde) .‘, !
3 . , e } e
,1 9Ethyl oxyhydrate is a mixture whose composition varies with the method of manufacture. The material used in s study was obtajned frop Plorasynth
Labs,, Inc.,, MY, : .
- ‘;I,Q\"\c'uy of the propylene glyco! solvent prohibited administration of higher doses.
B s s s Bttt a8k 1 i L v ), by 5 G 4t i LA v o £ 338 K b AR
i .
- : ) © ' .Table 1 (Continned
Concentration 1.D,, with Slope function
(wfv) and 95 9% confidence with Toxic signs
3 solvent limits 959, confidence and dcath .
-4 Compound used Species (mgikg) limits time (D.T.)
-alyptol Rat 2480 1-4 Depression, coma on high doscs,
,8-cpoxy-p-menthane) (2100-2930) (1-2-1-6) scrawny appcarance for 3-4 days.
1 S Recovery within 7 days
i D.T. 2 hr-4 days
;cnol Rat 2680 1-2 Coma soon after treatment >
! -hydroxy-2-methoxy-4- (2420--2970) (1-1-1-4) D.T. approximately 1 hr 2
lylbenzene) - ' o
8 do. Mouse 3000 1-8 Scvere depression imimediately after o
' (2400-3750) (1-:3-2-3) treatment B
. D.T. few min-2 days ?«
- do. Guinca-pig 2130 13 “Depression .
& (1860--2430) (1-2-1-5) D.T. 4 hr-3 days g
-:CNOL acctite Rat 1670 19 Rongh fur, depression 5
1-acetoxy-2-mcthoxy-4- (1265--2200) (1:4-2-5) D.T. 4 hr-2 days ]
Hylbenzene) ~
l"?;cnol methyl cther . Rat 1560 26 Coma within 1 hr after treatment 91
1l.2-dimclho.xy-tt—alIylbcnzcnc) (1170-2070) (1-6-4-3) D.T. less than 8§ hr —
=9chone Rat “ 6160 27 Depression, scrawny appearance, por- o]
1,1.3,3trimethyl-2- (4400--8630) (1:1-65) phyrin-like deposit around eyes and %
H‘orc:\mplmnonc) nose for a week after treatment y
D.T. 4 hr-9 days -
luraldehyde A—-5% Rat 127 1-3 Depression soeon  after  treatment, 3
- —_ (110--147) (1-2-1-5) Scrawny appeatance, potphyrin- <
like deposit around cyes and nose. =
ot Gross pathology showed lung Pa
hacmorrhage on the higher doses 8
ot D.T. 4 br-4 dayvs
raniol cxtra " Rat 3600 17 Depression, coma, wet {ur
3,7-dimethyl-2,6-octadicnol) (2840-4570) (1-3-2:2) D.T. 4-18 hr
F3,7-dim::thyl-],6-oc_mdicnol) ’ .
ironyl acetate Rat 6330 1-3 Depression, coma
“ (5450-7340) (1-2-1-§) D.T. 4 hr-3 days
ranyl bulyrate Rat 10,660 16 Muarked depression and coma .on

(2020-14 120)

hivher doses
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? Coencentralion LD;, with Slope function
s (w/v) and 959, confidence with Toxic signs
. solvent limits 959, confidence and death
Compound used : Specics (ma/kg) limits time (D.T.)
iac gum TA20% ~ Rai 25000 — Rough fur, scrawny appearance
- I D.T. iess than 18 hr
) - Rat 3270 16 ~ Coma on higher doses within 30 min,
- i " (2780-3830) (1-3-2:0) Scrawny appearance, rough fur,
§ ' porphyrin-like deposit around cyes
5 and nosc
. D.T. 1-4 days
ratropic aldehyde . ~Rat 2800 13 Coma within 20 min after trcatment.
1 -phenylpropanal) (239(-3280) (1-2-1-4) Rough fur
i DT, 1-5 days
L Jone Rat 4590 1-4 Dcpression, tremors
0%, a-ionone, 4-(2,6,6- (3880--5400) (1:3-1-5) D.T. 4 hr-4 days
imethyl-2-cyclohexen-1-yl)- : '
"! buten-2-one and 40 '
i tonone, 4-(2,6,6- lrnmcthyl-
- cyclohexen -1-yl)-3- i
aten-2-one] .
H,myl formate Rat 9840 17 Depression  soon  after  treatment,
. . (71720-12,550) (1-3-2:3) sCrawny appearance
S . . D.T. 4 he-4 days
ugenol Rat 1560 1-4 Coma soon after trcatment, scrawny
-hydroxy-2-mcthoxy-4- ) (1290--1880) (1-3-1-5) appearance
ropenylbenzene) : D.T. 1 hr-7 days
F v »,do. Guinca-pig 1410 2:0 Depression, coma
g R (1130-1780) (1-5-2:7) D.T. 3-6 days
afrolc§ .. Rat 1340 1-4 Depression, coma, rough fur, scrawny
2-methylenedioxy-4- ' (1140-1590) (1-2-1-7) appcarance
ropenylbcmcnc) k . : : D.T. 4 hr-8 days .
P do A—259%; Mouse 2470 1:7 Depression  soon  after  treatment.
LI : (2010-3040) . 1-3-22) Severe ataxia within 24 hr, Recovery
. ) from ataxia but scrawny in
. appearance within 48 hr )
ﬂ o ’ D.T. 1 hr-4 days
9 - . ’ '
B b i i A Wi Wb s A S a e
o . Table 1 (Continued)
. + Concentration LDy with Slope function
1 (w/v) and 95% confidence with " Toxic signs
B ) solvent limits 959, confidence and dcath
Compound uscd Specics (ma/kg) limits time (D.T.)
per tar Rat 8014 15 Depression  soon  after  treatment,
'5 . s {6550-9770) (1-2-1-9) scrawny appecarance for scveral
..,j : days. Irritated gastro-intestinal
tract .
! . D.T. 4 hr-4 days
1lool Rat 2790 13 Ataxia soon after treatment
{,7-dimcthyl-1,6-octadien- e (2440 -3180) (1-2-1 4) D.T.4-18 hr
ol or 3,7- clxmcthyl-l 7- : .
stadien-3-ol) v ‘ ‘
llyl acetate . ' " . Rat 14,550 1-8 Dcepression  soon  after  trecatment,
: C ’ (12,300--17,170) (1-3-2:6) coma, wet posterior
. i D.T. 4 hr-4 days
T Mouse 13,360 i2 Depression within 10-15 min after
. ' - (11,920-15,000) (1-1-1-3) treatment
' D.T. 1-3 days
Tl]vl cinnamate Rat 9960 1-4 Depression, Scrawny appearance, por-
(8230-12,050) (t-2-1-7) phytin-like deposit around eyes and
; : nosc, wet fur on posterior 24 hr
after treatment
P , D.T. 4 hr-5 days (most deaths in 48 hr)
Lyl isebutyrate Rat - >>36,300* _— Dicpression, wet fur, diarrhoca.
- Appeared normal after 1 week
do. Mouse 15,100 1-6 Depression  soon  aflter  treatment.
! (12,330-18,500) (1-1-2-2) Excitable alter 1 br. Rough fur
] . D.T. 4 hr-3 days
e oil ‘Rat .- 3640 14 Depression. Scrawny appearance for
. . (3170-4190) (1-0-2:0) scveral days after treatment
D.T.4 18 hr
w ilotic anhydride Rat 1510 13 Depre sion
inhydride of o-hydroxy- (1310-1750) (1-1-1-6) D.T. t hr-2 days
_innamic acid) : : : : :
1ithol A—350% Rat 3180 13 Ataxia, scrawny appearance
>menthan-3-o - {2790--3620) (i1-1-5) D.T. 4 ir-3 days
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. Table 1 {Continued)

k47 .

Jinitroanisole)

(283--408)

P
| Concentration LDy, with Slopc function
A (w/v) and 95% confidence with Toxic signs
solvent timits 959 confidence and death
- Compound uscd ’ Specics (mg/kg) limits time (D.T.)
1.1 anthranilate Rat 2910 1-3 Depression, coma
~ﬁmoic acid, (2500-3409) (0-9-2-0) D.T. 1-2 days
4 12 Mousc 3900 15 Depression
» (3260-4680) (1-3-17) D.T. 4-18 hr
2 do. Guinca-pig 2780 1-8 Depression, gasping, rapid respira-
b (2210-3500) (1-4-2-3) © o tion, irritated pastro-intestinal tract
D.T. 4 hr—4 days
y} benzoate Rat 1350 11 Depression,  porphyrin-like  deposit
-% (1290-1410) (0-7-1-5) aronnd nose, rough fur, wel pos-
b terior, Survivors excitable
T : D.T. 218 hr
do. A—509 Mouse 3330 12 Excitation, tcemors
(2920 -3800) (1-1-1-4) D.T. few min-18 hr
Tylcncdioxybcnzcncf Rat 580 14 Depression and coma on high doscs,
i (487-690) (1-2-1-7) rough fur, porphyrin-like deposit
around cycs and nosc
D.T. 1-6 days
& do. A—25% Mousce 1220 1-4 Depression and coma on high doses,
] (976-1520) (1-2-1-7) rough fur, porphyrin-like deposit
i around eycs and nosc :
D.T. 1-5 days
yl salicylate Rat 887 1-5 Depression soon after treatment
Thydroxyhcnzoic acid, (715-1100) (1-2-1-8) D.T. 4-18 hr
-ithyl cst‘ci:)). Guinca-pig 1060 -6 Convulsions. Irritated gastro-intcs-
(873-1300) (1-3-1-9) tinal trast :
¥ . D.T. 1 hr-3 days
3 tifici —259 Rat 339 1-4 Increased respiration and hypersensi-
&t;:‘f&f;}g(.mﬁfﬁ‘z{ A % 1-2-17) _ tivity 24 hr after treatment, Scrawny

appcarance, wct posterior, rough
fur ’
D.T. 1-3 days

o
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Table 1 (Continued)

TR APE R g ST P g SR S

Concentration LDy, with Slope function
(w/v) and 95% confidence with Toxic signs
Fé solvent limits 959 confidence and death
. i Compound used Species (mg/kg) limits time (D.T))
neg oil Rat 2620 1-3 " Depression soon after recciving treat-
(2200-3120) (1-2-1-5) ment, scrawny appcarance for
T : several days
i . D.T. 4-18 hr
“yiethyl alcohol Rat 1790 12 Coma within 15 min. Gross pathology
phenylethanol) (1580-2020) (1-1-1-3) shows irritation of the lower half of
- the stomach on the higher doses
i D.T. 4-18 hr
_.Ivlethyl phenylacetate Rat 15,390 15 Depression  soon  after treatment,
(12,830-18,470) (1-4-1-7) scrawny appearance for scveral days
: . D.T. 4 hr-5 days
onal A—25% Rat 2700 1-5 " Tremors for scveral hr followed by
t-mcthylencdioxy- (2350-3100) (1-1-2-0) depression and ataxia
k-4 1zaldchyde) . D.T. 2 hr-5 days
ypanol Rat 6500 1-2 Coma soon after trecatment, scrawny
(5800-7250) (1-1-1-3) appeirance
D.T. 2-18 br
enylbenzenet Rat 3600 2:2 Scrawny appearance, weight loss, wet
” (2650-4900) (1-3-3-8) posterior for 5-7 days after treat-
. nmcnt
o~ D.T. 4 hr-9 days
ipyl acetate Rat 9370 1-5 Decpression  soon  after  treatment,
§ (7670-11,430) (1-1-1-8) rough fur, scrawny appearance
. D.T. 4-18 hr
] jo. Mouse 8300 1-2 Dcepression soon after treatment
(7280--9160) (1-1-1-4) D.T. few min-18 hr
ylocnzenct Rat 6010 15 Decepression soon after receiving treat-
bt : ‘ (4830-7550) (1-2-2:0) ment. Scrawny appearance
D.T. 1-3 days
pyl n-butyrate Rat 15,000 14 Depression soon after trecatment
H, (12,600-17,850) (0-8-2-5) followed by coma on higher doscs.
i Rough fur, diarrthoca
" D.T, 1-3 days
pyl formate Rat 398 1-5

Depression soon after treatment

HDhHZ.LL—I ‘O O pue N0 T SMOTAVI I NVEL NYOVH "D 7T “WANNAT W d

vE

4]

SON[IN0AYTI GOO04 10 ALIDIXOL TViO ZINOV

T L BN M LTS T

[

g



Table 1 (Continued)
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with

Slope function
95% contidence

limits

LD;, with
959, confidence

Concentration
{(w/v)and
solvent

limits

/kg)
00
(3060--3750)

Y

(my

Species

used

Compound

JENNER

Depression soon after treatment

D.T. lew min-6 hr

1-7

(1-3-22)

Mouse

do.

Depression, ataxia, diarrhoea

1
(1760-2160) (0:6-3-0) D.T. 1--5 days

Rat

Z-rethvlenedioxy-4-

stbeazenc)

des

Ataxia, depression, scrawny appear-

14
(1-1-1-6)

2350

(2010-2750)

Mouse

A—350%

do.

ance
D.T. 4 hr-7 days

phyrin-like deposits around  cyes

and nose

Depression, scrawny appearance, por-
D.T. 4 hr--5 days

15
(13-1-7)

5075
(4160-6190)

-
=
~
St
3
38
w
4
-
4
o4
(23 =1
=9
<
0
=
0 -
=5
=
2 E

I

acetic acid)

Depression, ataxia, coma on high

980
(817-1180)

Rat

C—20%

ool

S

dost
D.T. 4 he-5 days

(1-3-20)

cyen-3-ol,3-

Irritated gastro-intestinal tract,

880
(740-1050)

Guinca-pig

C—20%

droxy-p-cymene)

do.

tremors, coma, respiratory failure

D.T. 1 hr-10 days

(1-2-2-1)

Coma soon after trcatment

D.T. 4 hr—4 days

1580
(1390-1810)

Rat

.

(1-2-1'5)

C—20%

#lin

fiydroxy-3-methoxy-
azaldehyde)

Depression within 1 hr
D.T. 1-3 days

11

(1-09-1-2)

1400
(1310-1500)

Guinca-pig

C—-20%;

do.

Salivation, porphyrin-like dcposit
around eycs, diarrhoeca, scrawny

appearance for 3-4 days

Coma within 10 min after treatment.
D.T. 1-4 days

(1-3-1-9)

1360
(980-1870)

-
1

o
@
<]
Q
=
|53
=
%
o}
£
=}
«
0 E

°7
ke~

tion; pawing about mouth; hyper-
activity followed by coma within 15

Rapid, laboured respiration; lacrima-
min
D.T. few min—4 hr

1-7
(1-4-2-0)

2020
(1650-2480)

Mouse

A—25%

do.»
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Condiments et Complexes de Structure Voisine. I. Toxicité Aigué par Voie
Buccale

Résumé—On administra par intubation des doscs de complexes faits de 107 condiments syn-
thétiques et naturels, de structure chimique voisine, & des souris, des rats ¢t des cobayes. On
obscrva habituellement les animaux pendant 2 semaines, durant lesguelles on suivit Je dévelop-
pement de signes toxiques et on nota la date de la mort. Pour chaque compiexe on détermina
la dose orale limite au-dela de laguclle commence I'intoxication aigué.

Lebensmittelgeschmackszusatze und Verbindungen verwandter St
I. Akute Orzltoxititat

Zusainmenfassung—107 synthetischen un natiirliche Geschmackszusitze und strukturver- B

wandte Verbingdungen wurden durch Intubation an Miuse, Ratten und Meerschweinchen
verabreicht. Die Ticre wurden gewdhnlich 2 Wochm lang unter Beobachiung gehalten,
withrend welcher Zeit die Entwicklung toxisch Svmp‘omc verfolgt und die Zeit des Tod-
escintritts registriert wurde. Die akute orale mm,src todliche Dosis jeder Verbindung wurde
festgestellt,
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Table 1 (Continucd)

042

Concentration

LI, with

Slope function

(w/v) and 959, confidence with Toxic signs
solvent limits 95 9% confidence and death
- Compound used Specics (ma/kg) fimits time (D.T.)
' 1 1 anthranilate “Rat 2910 14 Depression, coma
= ~:mnz‘gjc acjd‘ (250\’)'3400) (09-20) D.T. 12 (klyS
\or .
do) Mouse : 3900 15 Depression
| & (3260 -4680) 13-1-7 D.T. 4-18 hr .
: } do. Guinca-pig 2780 1-8 Depression, gasping, rapid respira-
= (2210-3500) (1-4-23) tion, irritated gastro-intestinal tract
) D.T. 4 hr-4 days
yl benzoate Rat 1350 11 Depression,  porphyrin-like  deposit
1 (1290-1410) ©0-7-1-5) around nosc, rough fir, wet pos-
! terior. Survivors excitable
- D.T.2-18 hr
do. A—50% Mousc 33130 1-2 Excilation, tremors
(2920 -3800) (1-1-1-4) DT, few min-18 hr .
4 i\lcncdlo‘(ybcnzcncf Rat 580 1:4 Depression and coma on high doscs,
E. ] (487-090) (1-2-1-7) rough fur, porphyrin-like deposit
around cycs and nosc
D.T. 1-6 days
o do. i A—259 Mouse 1220 1-4 Depression and coma on high doses,
. | (976-1520) (1-2-1-7) rough fur, porphyrin-like deposit
b around eycs and nosc
D.T. 1-5 days
wl salicylate Rat 887 1-5 Depression soon after treatment
ahydroxybcnzom acid, (715-1100) (1-2-1-8) D.T. 4-18 hr
thyl cstgro) Guinca-pig 1060 16 Convulsions. Irritated gastro-intes-
(873-1300) (1-3-19) tinal tract :
D.T. 1 hr-3 days
ﬂk ambrette (artificial) A—25% Rat 339 1-4 Increased respiration and hypcrscrm-
tert-butyl-3-methyl-2, (283-408) (12-1-7) tivity 24 hr after lrc‘llmcn‘t Scrawny
Jinitroanisole) o zfmpcarancc, wet posterior, rough
ur
F D.T. 1-3 days
b «s,m.,.,;i b ek G Ak ot ot ol o S e A e s i i S it i i AT : ootk Ko WA BT ST it e
F Table 1 (Continued)
Concentration LDy, with Slope function
(w/v) and 959, confi dence with Toxic signs
solvent limits 959 confidence and dcath
Compound uscd Specics (mg/ke) limits time (D.T.)
ncg oil Rat 2620 -3 " Depression soon after receiving treat-
- . (2200-3120) (1-2-1-5) ment,  scrawny  appcarance  for
. scveral davs
3 D.T. 4-18 hr
%lethyl] alcohol Rat 1790 1-2 Coma within 15 min, Gross pathology
‘phenylethanol) (1580-2020) (t-1-1-3) shows irritation of the lower half of
- the stomach on the higher doses
; D.T. 4-18 hr
| _¥lcthy] phenylacetate Rat 15,390 1-5 Dcpression  soon  after treatment,
"(12,830-18,470) (1-4-1-7) scrawny appearance for several days
. D.T. 4 hr-5 days
onal A-—-25% Rat 2700 -5 " Tremors for several hr followed by
#-methylencdioxy- (2350 -3100) (1-1-2-0) depression and ataxia
-«izitldchyde) . D.T. 2 br-5 days
panol Rat 6500 1-2 Coma soon after treatment, scrawny
o~ (5800-7280) (1-1-1-3) appearance
B D.T.2-18 Ir
tnylbenzenct Rat 3600 22 Scravny appearance, weight loss, wet
o (2650 -4900) (1-3-3:8) posterior for 5-7 days after trcat-
- ment
. D.T. 4 hr-9 davs
%pyl acetate Rat 9370 1-5 Depression soon  after  treatment,
(7670--11,430) (1-1-1-8) rough fur, scrawny appearance
. D.T.4-18 hr
0. Mousc 8300 12 Depression soon after treatment
- (7280-9160) (1-1-14) D.T. few min-18 hr
; ’?lmna,ncf Rat 6040 15 Depression soon after receiving treut-
- : (4830-7550) (1-2-2:0) ment. Scrawny appearance
: D.T. 1-3 days
_‘Pyl n-butyrate Rat 15,600 14 Depression soon after treatment
: . (12,600-17,850) (0-§-25) followed by coma on higher doscs.
Rough fur, diarrhoca
' D.T. 1-3 days
pyl formate Rat 3980 1-5 Depression soon after treatment
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Katsumata, Kazuo, and A. Niki: METABOLISM OF ACETOIN AND DIACETYL IN DIABETIC
ANIMALS. Nippon Naibumpi Gakkai Zasshi, Vol. 36, pp. 1635-41, 1960.

The 3rd Faculty of Internal Medicine, Nagoya University School of Medicine
(Director: Prof. K. Yamada).

(The summary of this paper was presented at the 2nd general meeting of the
Japanese Society of Diabetes, the 7th Western Japan District Meeting of the
Japanese Society of Endocrinology, and the 45th fall meeting of the Japanese
Society of Alimentary Diseases)

I. INTRODUCTION

Neuberg and his collaborators reported that acetoin was formed during the
process of fermentation of yeast sucrose or pyruvic acid, and named the enzyme
carboligase (1,2). Later, acetoin was found in human urine (3,4), and also in pig
heart (Green et al. (5)), rat wuchereria (Bueding et al.) (6), and cow wuchereria
(Yonezawa) (7,8), which led to the general belief that this enzyme is metabolized
in the system of a wide variety of animals (9-11). The purification of this enzyme
is yet to be perfected (12). In addition to the reaction of pyruvic acid, or
pyruvic acid and acetaldehyde in the presence of a coenzyme of T.P.P., Mg"'(13),
or Mn'', acetoin is formed by way of a reaction producing various betols (14,15).
How the resultant acetoin is metabolized in vivo is yet to be clarified, but
it is known that a part of it is excreted in the original form and the rest in
the form of diacetyl, 2,3 butyleneglycol (16,3,4). Two molecules of diacetyl
becomes 2 molecules of acetaldehyde and 1 molecule of acetoin in the presence
of diacetyl mutase (17) and T.P.P., through the reaction of which the enzyme
relates to the T.G.A. cycle. Mizuhara postulated the following route as representing
the relationship between pyruvate, citrate, and acetoin, based on the results
of his experiment using rabbits.

Pyruvatc ———> Acctoin :::i"_ Dia'ccl)'l
i i
I Acetate
i =
Oxaloacetate —— T.C.A. cycle ~— Citrate
Figure 1

On the basis of their observation that diacetyl was oxidized by a sample
of pyruvic oxidase (19,20) although the reaction was slow, Schweet et al.
maintained that diacetyl mutase is identical to pyruvic oxidase (21). The
physiological significance of acetoin is totally unknown. Diacetyl, the
oxidation product of acetoin, 'is transformed into acetaldehyde and an acetaldehyde-
enzyme complex by diacetyl mutase. This complex is regarded as identical to
the acetaldehyde enzyme complex produced from pyruvate (31). Therefore, diacetyl
may be used as an acetyl donor in vivo, and a few experiments have actually
demonstrated the fact (22-25). Akabori et al. stated that acetoin gZ—diacetyl
forms an oxidation reduction system, but, in a later experiments using cl4_1abelled
acetaldehyde, they confirmed that it was simply transcarboligation (26,27).
Dwanson et al. extracted the acetoin forming system from pig heart by the
method employed by Korkes et al. (28), and utilized it in various experiments,
in which they observed that pyruvate became active acetaldehyde by decarboxylation,
subsequently transformed into acetoin in the presence of an acceptor, i.e.,
acetaldehyde, and acetyl CoA in the presence of lipoic acid. Whether acetoin
is produced or acetyl CoA is formed depends upon the availability of the enzyme
of cofactor (29). Meanwhile, Dwanson et al. incubated a homogenate of rabbit
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{? kidney with acetoin, and obtained acetoacetic acid (30). Mizuhara also incubated
'?"‘\ a homogenate of rat liver with diacetyl, and obtained acetoacetate (31).

~ ) The behavior of acetoin and diacetyl in diabetes is totally unknown. We assumed
that in diabetes, the production of acetoin becomes excessive due to a drop in
CoA, lipoic acid, or T.P.P., and its decomposition is also retarded. Based
on this assumption, we carried out a few experiments.

:

II. EXPERIMENTAL PROCEDURES

QUANTITATIVE DETERMINATION; AND DISCUSSION

O

1. QUANTITATIVE DETERMINATION OF ACETOIN

Acetoin can be determined by the gravimetric method (32), polarographic
method (33), and the most sensitive, colorimetric method (34-38), but
Westerfeld's method was employed in this experiment (35). The entire acetoin
was transformed into diacetyl, and the diacetyl thus obtained and the diacetyl
in the sample were subjected to the reaction in which they displayed a red
coloration in the presence of creatine, & -naphtol, and alkali. Since acetoin
and diacetyl are expressed as acetoin inclusively, some call the combination
the total acetoin. For the purification of acetoin by means of a standard
curve, commercial acetoin was permitted to crystallize in a refrigirator for
approximately 10 days, and a 25 g portion of it was washed with 40 cc of
f? acetone, which was subsequently eliminated under reduced pressure. This procedure
3 was repeated 3 times, which produced white crystals. The ) -naphtol used
for the measurement was purified by steam distillation in a flow of Nj gas.
‘,f‘\\ Ikuno (39) gave a detailed account on a care to be excersized during the measurement
[. procedure.

. |

F |

2. QUANTITATIVE DETERMINATION OF ACETALDEHYDE

The serum acetaldehyde level was determined according to Stotz's method
(40). :
3, XANTHINE OXIDASE ACTIVITY MEASUREMENT

Dhungat's method was employed for the measurement of liver xanthine
oxidase activity.

EXPERIMENTAL PROCEDURE

-

B JURRUONS R SANS R R

Male, white Wistar rats weighing approximately 90 g were used. They were
given mixed feed (ground white onion, powdered rice, bread crumbs, fish powder)
and vegetable for several days. For the alloxan-treated group, alloxan was
intraperitoneally injected at 200 mg per kg, and only those which showed the
urine sugar level higher than ++ by testape (unable to verify) 72 hours and
1 week later, were used for the experiment. The vitamin B; deficiency group
consisted of rats which were given the basal composite feed normally used
in this laboratory from which Bj had been eliminated, and the control group,
the basal composite feed. A group of rats were given a smaller amount of feed
so that their body weight remained at the same level as that of the Bj
deficiency group. The blood, liver, kidney, and urine acetoin levels before
treatment and after acetaldehyde injection, and the blood acetaldehyde level
after the administration of acetaldehyde of each group were measured. The
liver xanthine oxidase activity was also measured. The above experiments
were carried out after 4 hours of starvation. The healthy and diabetic human
subjects were withheld from any injection or drug from the day before the

po &

A |
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Liver Acetoin Level of Alloxan-Treated White Rats

Alloxan-treated white rats and control rats were phlebotomized by
decapitation, and a liver homogenate was obtained from 3 cc of distilled water
and 3 g of liver. A 4 cc portion of the homogenate was subjected to measurement.
In terms of the amount of acetoin per 4 g of liver, there was no difference
between the two groups, as noted in Table 1.

Liver Acetoin Level Following the Administration of Acetaldehyde

Forty-five mg per 100 g of acetaldehyde was injected into the abdominal
cavity. The rats were depapitated 5, 10, and 15 minutes later, and their
liver acetoin levels were examined. An increase was shown by both groups, but
as noted in Figure 4, the values of the alloxan-treated rats were considerably

lower.

TABLE 1
“w&szxnicm L A Giff acewoin ff ;Mg ‘2mm
T | w0 72h Alloxan | .45, 0.59, 0.32, 0.22, 0.12, 0.30, 0.34 f 0.30
7 92 conoll | 0.4%, 0.38, 0.32, 0.28, 0.44, 0.12, (.30 , 033

KEY: a, number of cases; b, body weight; ¢, group; d, liver acetoin value;
e, mean value

[
T Y
LTI RN A

BN ATANIE P
[5] b

T T

ae e o

ST
~»
:

|

-t
T
YT Y YT RN )
.
U.V' se 885 o »

o dyee

m '

1 S W

R (‘m.n) .
LoY0ON [

|
!
H
l
i
1
[}
{
i
§
}

[t
=i
<

Nk

o
-
(9]

Figure 4 (Key: a, liver acetoin value)
Kidney Acetoin Level of Alloxan-Treated White Rats

The animals of both groups were phlebotomized by decapitation, and their
kidneys removed. A kidney homogenate was prepared from 1 g of the organ and
7 cc of distilled water. A 3-cc portion of the paste was subjected to
quantitative determination of acetoin. In terms of the amount of acetoin per
4 g of kidney, the data shown in Table 2 were obtained. No difference was

noted between the groups.

TABLE 2

ey + i ‘4:«.»(".

§i acetoin 40 /1R : TR

Hhe 2% allonan 0.5, 02, 080, 1,200 1.0, 0.49 0.98
SR controll w.R2 1.8, 0.12, 0.9, 0.8, 1.0 0.91

KEY: a, number of cases; b, body weight; c, group; d, kidney acetoin value;
e, mean value :
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Kidney Acetoin Level Following the Administration of Acetaldehyde

Acetaldehyde was injected as in the previous experiment, and the kidney

- acetoin level was measured 5, 10, and 15 minutes later. The alloxan-treated

white rats showed significantly higher values as shown in Figure 5.
3. ACETOIN CONCENTRATION IN THE URINE OF ALLOXAN-TREATED WHITE RATS

Many papers have been written on the acetoin concentration in human urine
(44, 3, 4). Miyaji et al. gave healthy human individuals 0.6 g of 1 NAH per
day for 5 days, and observed an increase in the concentration of urine diacetyl.
When Ca pantothenate was hypodermically injected to the subjects at 10 mg per
day for 5 days, the concentration dropped considerably (45). The white rats
of the two groups were placed in metal mesh chamber, and given water only,

without feed, and 12-hour urine was collected for the determination of acetoin
concentration.

As shown in Figure 6, the alloxan-treated white rats gave considerably
higher values.

B 5
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Figure 5 (KEY: a, kidney acetoin value; b, control)
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Figure 6. (Key: a, urine acetoin, 1/12 h urine/animal)
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4. THE ACETALDEHYDE CONCENTRATION IN THE BLOOD OF ALLOXAN-TREATED WHITE
RATS FOLLOWING THE ADMINISTRATION OF ACETALDEHYDE

Acetaldehyde was intraperitoneally injected to the alloxan-treated white
rats and the control animals at 45 mg per 100 g, and 1 cc of blood was drawn
from their abdominal aorta 60 minutes later. The results of measurement are
shown in Table 3. It was found that acetaldehyde was retained in the blood
of alloxan-treated white rats longer than in the blood of the control.

Table 3
T T
T e tmare wnen A f@. Tin 2w
7 4 C i 3 9 ML - s ¥ ¥

KEY: a, number of cases; b, body wieght; ¢, group; d,blood acetaldehyde;
e, mean value.

5. LIVER XANTHINE OXIDASE ACTIVITY OF ALLOXAN-TREATED WHITE RATS

Horita et al. observed decreases in total liver B, (46}, D amino acid
oxidase activity (47), and xanthine oxidase activity (48) in alloxan-treated
diabetic white rats. '

The retardation in the decomposition of acetaldehyde in alloxan-treated
white rats seemed to be caused primarily by the drop in xanthine oxidase
activity. Under this assumption, the liver xanthine oxidase activity was
examined bythe modified Dhungat's method developed by Axerlord (49). In terms
of 2-hour Ojul per g of liver, the results shown in Figure 7 were obtained.
The values shown by the alloxan-treated white rats were lower than the control
level.

6. THE ACETOIN CONCENTRATION IN THE BLOOD OF DIABETIC PATIENTS

Ikuno et al. observed an increase in blood acetoin concentration in patients
with cancer of the uterus. Dwanson et al. measured the blood acetoin concentration

in paranoic patients and found an increase in value during the state of
depression (50).

We measured the blood acetoin concentration in diabetic patients and
healthy individuals, and confirmed that the concentration rose in diabetes
as shown in Table 4.

Table 4
. & ﬁu_uf-acetcinﬁ r/di o v A%t%’_“%
4F c: 2 135 1S 9.4 30 12,975 1. ¢ 15§
Lt 31 il 60 T 105 4.8 54 33 94 6.9

KEY: a, number of cases; b, group; c, blood acetoin value; d, mean;
e, diabetic; f, healthy
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DISCUSSION

The metabolic process of the acetoin and diacetyl compounds has not

Recently, Juni et al. carried out a series of experiments

using dove pectoral muscles, and published their new findings on the mutual

conversion cycle of diacetyl and acetoin compounds .

Figure 8,

Meanwhile, Fritz et al. observed the formation of acetoin from pyruvate
i?4a homogenate of mouse Ehrlich ascitus cells (55). In their experiment using
C*"-1abelled acetoinz Goodwin et al. demonstrated by means of eremothecium
ashybie (56) that cl4 entered the ring A of riboflavin.

R L ' TABLE 5
< . —r
S : P S e e
N W ;{H: R, W om jfiLF acetoid y/dl
i R aé“FBJuzmi 14.2
7 8 fupomomy 6.8
7 Ng gk T 7.0

Figure 7.

KEY : a, number of cases; b, body weight;
¢, group; d, blood acetoid; e, By
deficiency group; g, weight control
group,

I - O
T i Ut
T iy e T D CHly T
’ Lo -\QN\
r ' L’.B.hl;:)’f'_‘hgfy(".\' OIH (ﬁ)
et CH3=C—C=CHs 4o
o QO H l{42H
1 -2H !
i 29
e CHg—- € —C—CHs diazelyl
e
"‘ s deetpiathdesbing
i +H20
cre +0PT
\ O
- ! e
Y N G LET e
e L g ! Ci00H
= H
Figure 8

The cycle is outlined in

- ’“":‘1.)*

Martin et al. administered acetaldehyde in B,-deprived white rats, and
examined the changes in the blood concentration o% acetaldehyde. They found
that the elimination of the compound from the blood was retarded as compared to
that of the control, and the administration of acetoin resulted in an increase
in the blood acetoin level of the Bj-deprived rats, as compared to that of
the control (57). Stotz et al. incubated a homogenate of rat brain with
pyruvate and acctaldehyde, and observed subsequent formation of acetoin.
also reported that acetoin formation was delayed in Bj-deprived rats (58).
As already stated, B] is a coenzyme of carboligase and diacetyl mutase (59),
and the behavior of acetoin at By deficiency is of considerable interest. We

They
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compared the blood acetoin levels of the control and the group of rats under
weight control diet after 3 weeks of By deprivation. Theresults, shown in
Table 5, show that the valucs of the B; deprived group were sharply elevated.

Yamamura et al. examined the acetoin concentration in the blood of
tuberculotic patients, and found it to be slightly higher than normal, but
failed to find any difference between tuberculotic patients and patients with
beriberi (60).

While raising mice on a pantothenic acid-deficient diet, Miyaji et al.
found that their diacetyl level in vivo tripled or quadrupled. They attributed
this to the disturbance of the physiological reaction in which diacetyl is
changed into acetyl CoA, due to pantothenic acid deficiency (61).

It has been believed that CoA is not necessary for the production of
acetoin (62), but Berry et al. maintained that CoA was necessary in an experiment
in which aceton powder of rat brain was employec (63).

The decrease in CoA, total By, lipoic acid, and acetylation in alloxan-
treated white rats have given a suitable condition for the acetoin concentration
to rise.

The fact that the administration of acetaldehyde retarded the elimination
of acetaldehyde from the blood in alloxan-treated white rats suggests a
suppression of the liver xanthine oxidase activity.

The significance of the low liver acetoin value following the administration
of acetaldehyde in alloxan-treated white rats is yet to be determined.

V. CONCLUSION

1. The blood and urine acetoin levels of the alloxan-treated white rats were
higher than those of the control.

2. The blood acetaldehyde and acetoin levels of alloxan-treated white rats
following the administration of acetaldehyde were elevated, but the liver
acetoin concentration indicated an opposite tendency.

3. The blood acetoin values of diabetic patients are in many instances higher
than the value of the healthy individuals.,

(The authors are grateful to Prof. K. Yamada for his cooperation).
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“Qual‘ty of Commercial Buttermilks

Abstract

Buttermilks from ten regional dairies
were judged for flavor and analyzed for
acetaldehyde, diacetyl, volatile acidity, and
microbial quality., Large variations in
flavor score and in eoncentration of aeetal-
dehyde, diacetyl, and volatile acidity were
observed. In none of the samples was the
diacetyl:acetaldehyde ratio near the 4:1
value reported to he necessary for a good
flavor balance. In contrast to the objective
chemical data, the wierobial quality of
these buttermilks was good.

In recent years, much progvess has heen made
in the chemieal definition of the charactevistic
flaver of eultured buttermilk. Tt is now ae-
cepted that luetic acid, disveryl, acetuldehvde,
dieethyl suliide, aud acetic acid are the most
important flaver compourds in buttermilk (1),
and the guantitative relationships ot these eom-
pounds are important in defining hottermilk
davor. Nevertheless, the development of suf-
fictent amounts of desivable eulture flavor and
arema 18 still one of the

A number of meth:
cuiture flaver have
clude the u ;
tiliates, and direct
product, T neth
the attainment of
flavor is not ensily achieved (4). Recently,
Lirdsay er al. {4) deserthed the formulation
of butier eulture favor concentrates. Their

a1

-,
e

results indieated that 2 iavge preference panel
showed equal preterence for high quality na-
turally cultured products and artificially flu-
vored products. The present study was made
 show the vaviasion ia commerceially availahle
butrermiix wnd provide sdditional support for
the use of synthetic tavor concentrates in the
manutacture of this produoct.

¥

Experimental Procedure

Battermilk samples from ten different re-

'Supported in part by funds granted by the
American Dairy  Association,

J. DAIRY SCIENCE VOL. 51, No, 2

J. Darny S, S1) 23 -~
| 4 e

gional dairies were obtained from COMmeny;
outlets. These samples were coded and {ie
scored for flavor by four experienced Jnds
A scoving range of 30 to 40 was used, >
40 being assigned as a standard when thers 4
no flavor criticism. Diacetyl and acetaldehw:
contents of samples were quantified in dupliend
by previously reported colorimetrie Mmethagd
2, 6). To determine total volatile aciga
100 ¢ of each smuple was acidified to pH
with concentrated phosphoric acid and st
distilled until 100 ml of distillate was collern
Distillates were titrated to a phenolphthsis
eud point with 0.10 ¥ sodinm hydroxide. Bi
sults are expressed as milliliters of base to
the end point (7).

The samples were checked for esliformess
plating aliquots in Desoxyeholate Nzar ( Dif
and ineghating at 37 C For 24 hr. As an indad
tion of the number of spoilage organisins paes
eut, CVT counts were made by plating s
ples in standard plate count awar {iifz:
containing crystal vielet and 2,3 5-triphes-
tetrazolium chloride as described hy Olson if

4

Results and Discussion -

Results of flavor, chemieal, and micreds
analyses of the ten buttermilk samples &
shown in Table 1. Rather large variatioas:-
concentrations of diacetyl and volatile ac-
and pH values are apparent. Flavor ses
ranged from 34 to 39, and the judgm. W
in agreement that most of the samples iagni
a well-balanced culture flavor. The ristie »
diacetyl to acetaldehvde in the samples sia®:
conziderable variation. Acecording to Lims
et al. (3), while it is the ahsolute qu:wh'tmj
these two compounds that determine tee 4
vor intensity, the relutive amounts coutrot &
flavor balance. Tt is noteworthy that i %¥

of the samples was the dincetyl-to-acetuides®
ratio near the 4:1 value reported by Luw¥
et al. (3) to be necessary for a good =%
balanee in butier cultures. Further, many 2
ples exhibited off-flavors such as ecookei °
stale. . .

Volatile acidity values for these sampis <
within a range of about 5 to 7.5 ml. [n¥
of the recent report that volatile acidity 2

4
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TABLE 1
Chemical, microbial, and flavor data for buttenuilks analyzed
Diacetyl:
acetal-
Titratable Acetal- dehyde Volatile Flavor CVT
e pH acidity® Diacetyl dehyde ratio acidity® score Coliforms count
(ppm)  (ppm)
4.32 0.81 1.68 0.03 23.6:1 7.54 38 n 0
4.29 0.84 3.533 0.18 19.7:1 6.32 39 0 0
4.31 0.80 2,78 0.27 10.3:1 6.31 36.5 0 1
4.32 0.82 1.86 0.15 12.4:1 6.23 37 0 4
4.52 0.78 0.77 0.06 12.8:1 6.04 34 0 2
4.41 0.79 1.12 0.13 8.6:1 4.98 36 0 14
4.42 0.79 3.00 0.16 18.8:1 5.97 36.5 0 1
4.56 0.78 1.90 0.16 11.9:1 6.66 37.5 0 220
4.42 0.80 0.00 0.00 L 36 0 0
4.45 0.82 0.41 0.36 1.1:1 5.54 35 0 0
\[-u\setl as per cent lactic acid.
txpressed as ml of 0.10 N base.
i indicator of flavor in sour eream, this References

ant of variation may be significant (1).
-re was no apparent lolatlonshxp between

“ar titratable acidity and volatile acidity.
" woutrast to the wide variations in objee-

. viwniical data, the microbial quality of
. buttermilks was good. All samples were
sornenegative. The CVT eounts were low
ept tor Sample H. These counts are in-
i of post-pasteurization econtamination.

zh o limited nwaber of samples were
sl in this study, the wide variation in
SoF key flavor compounds noted suggests
- .onsisteney in flavor produetion is still

- ;o attain using natural culturing pro-

1 eommercial opexatmna In the mann-
« of mearly all major food items,
=ity of flavor is widely <0uvht The avail-
~wisdge on the use of 3¥ ‘nthetic culture
entrates should make it possible for
. industry to provide the consumer
aeduets hanno a well-balanced, eonsistent
Trom our data, this iz obviously not
:.-_L()mph:-h@d.

T. W, KEENAN*
£ W, BODYFELT
and
K. C. LINDSAY
:zartment of Food Science and Technology
-:3on State University, Corvallis

‘:‘Xlt address: Department of Animal Sci-
Purdue TUniversity, Lafayette, Indiana

(1) Hempenius, W. L., Liska, B. J., and Harring-
ton, R. B. 1967. Consumer Research on
Flavor Levels in Sour Cream. (Abstraet.)
J. Dairy Sci., 50:954.

(2) Lindsay, K. C, and Day, E. A. 1965. Rapid
Quantitative Method for Determination of
Acetaldehyde in Lactic Starter Cultures.
J. Dairy Sei., 48: 665.

(3) Lindsay, R. C, Day, E. A, and Saudine,
W, E. 19085, Green Flavor Defect in Lace-
tie Starter Cultures. J. Dairy Sei., 43: 843,

(4) Lindsay, R. C,, Day, E. A, and Sather, L. A,
1967. Preparation aud Evaluation of But-
ter Culture Flavor Coneentrates. J. Dairy
Sei., 50: 25,

(3) Olson, H. C. 1964. How to Improve Shelf
Life. Proe. Milk Indus. Found. Conv,
Plant Section. p. 49.

(6) Pack, M. Y., Sandine, W. E., Elliker, P. R,
Day, E. A, and Lindsay, R. C. 1964
Owades and Jakovac Methiod for Diacetyl
Determination in Mixed-strain Starters. J.
Dairy Seci., 47: 981

(7) Seitz, E. 1962, Studies on Diacetyl Pro-
duetion by Streptococcus diacetilactis Ma-
tuszeuski et al. Ph.D. thesis, Oregon State
TUniversity, Corvallis.
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BEMORANDUN FOR DR. ELLIGTT:

The queztions raised inthe letter of Februery 15 from the Head of the
Depertment of Dairy Husbandry, College of Agriculture, Arriculturra) Xxperiment
Stetion, Urbens, Illinois, necessitate consideration of the whole question cf
added flavor in butter.-

Researches have shown that the flevor in butter is largely due to diacetyl.
Thi s substance, alonz with its precursor aceiyl methyl cardinol, is formed vy
action of bacteria normel to wilk on milk conatituents, and therotore both of
trese substences are present in tutter made by the generel practice, dating back
5 primitive times, of using sour milk or cream for tutter making. The history
of butter starters, reported in Food Control Staterent No. 37, yp. 10, shows that
{ntentional souring of milk and cresm for butter making, by inoculation with
sslected sour milk, predatas tre science of bacterlology. Present~-@ay starters
are o result of the develoument of tiolomical control methods, so that now they
generslly involve the use of definitely chosen nnd controlled bacterial strains.
They zre used in two ways, elther to ripen tha wtole baten of creaw before chorn-
ing or to riper a small bateh, which is added to the total during churning.
Treir use in either way was a vell established practice in 1923, when the “edsral
standard for butter became effective, defining btutter ss the “produet usually
moxn as buttor”. By this defip’tion the use of sterters would asppear to have
bevn esteblished as psrt of the tuttor meking procoss.

Dutter flavors of the dieretyl type are proenered, we upderstand, by
biclogical action of bacrterla cf the starier type on milk, with subssquent
separstion and eoncentration of the end products. The proposal to steam distil
sterier snd £3d the djztiliate to the vuttor is.intermedinte between the use of
starier end the use ot diacetyl flever. The stesm ¢ietillste of the starter
wculd contein éieceivl . an unpurified, diluted condition. Recognition of the
proposad practice would be an entering wedre toward recegnition of the use of
ceaercial flavors. Althourh tie use of starters, because of estadhlighed custonm
1r bulter making, enters into the understandinz of the rroduct usually knovm as
butter, the manipulation of the starters and addition of distillats is not a
ptep in normel butter producticn. This {o a &eviotion from general trade
practice end consumer undersianding ~nd Yncwledre. Hecmune of rlvost universal
butter production on the farm, ihe large rrorortion of the porulation knows how
butter is made. 1In deciding vhether the rractice is to be recognized as rroper
we are conrronted with the decision of thre Jupreme Court in the Dourlas Vinegar
cage that processes emnloyed sre not naterial in the test of identity. Just how
far ve ¢2n gc to waintain thet cresm treated with distillate from starter end
churned dces not procduce the identical article tutter is not readily deterrinable.
1t is not strictly the addition of the snmme constituent althouph it is doudbtful
if the aifferencs cculd be analytizelly dozonsirated. Favine held that the
addition of tutter flavor [(discetyl) is ajulieration, we should likewisze bold
that the prorosed rractice is not as-ropriate in butter production. In recormand-
ingz this position it is reelired thet it w11l perhe~s be difficult to corvince a
court end jury of tho lozic of the fine df{stincticn we have dravm.

' ) B. A, LLPPV7

Yyd,

1

‘ ’ ’ H. A. Lepper
HAL/avr ! -
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C.R.S.B. 122:373-374, 1936
Antiéeptic and Bactericidal Action of Diacetyl
on Various Pathogenic Bacteria

by M. Levy-Bruhl and Yvonne Cado

The products of the butylenme-glucolic fermentation: 2-3-butylene-glycol,
acetylmethylcarbinol and diacetyl are constant factors of the metabolism
of living organisms. [M. Lemoigne (1) 1.
Experiments done to study the usage of diacetyl showed that in doses
of from 0.4 g to 0.8 g per liter, it is toxic for g certain number of

bacteria (1), a fact recently confirmed for various lactic and saprophytic

leavening agents. [M. Lemoigne and P. Monguillon (2)].

Quantity of diacetyl per 1000 cc Control tube

of milieu, in ¢. without
42 1 0.4 0.2 0.1 diacetyl
Staphylococcus aureus .... 0 Q0 O H e -+
StreptococCus cevevenn. eee 0 0 0 0 + ++ -+
Pneumococcus .veverineeass O 0 0 0 +H 44
GONOCOCCUS vvesneoroaenene 0 0 0 0 0 + +
P. PYOCYANEa cawevanss P ¢ 0 o 0 ++H 4
(in 5d)
Pneumobacillus ...ev00eee. O 0 0 0 ++ 4+
(in 5d)
Colibacillus ..... eeereaas N 0 0 0 ++ 4+
(in 5¢)
Salmonella typhosa ..... ee 0 0 0 0 £ ++ -+
Salmonella paratyphi A ... 0 0 V] 0 4+ 4+ +++
Salmonella paratyphi 2 ... 0 0 0 0 o I = +++

(agglutinated samle)

Corynebacterium diphtheriae. _ : '

in ordinary milieu ..... e 0 0 0 0 0 +++ +++
‘ (in 44)

Corynebacterium diphtheriae

in horse serum ..eeeve.. oo O 0 0 0 + ++ +H+

1

The results, without special comment, were recorded after 43 hours.
+ = small amount of culture, ++ = medium amount of culture,
++ = larpe amount of culture.
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Following the suggéstions of M. Lemoigne, it seemed interesting to
us to study whether similar properties manifested themselves in regard to
certain pathogenic bacteria. First of all, we studied what amounts of
diacetyl prevent bacterial developﬁent by adding increasing quantities to
the milieux of usual culture liquids: a bean broth, peptonized and sweetened
for most bacteria, an ascitic liquid for gonococcus, horse serum for
diptheria bacilli., We made sure that this addition did not significantly
change the pH of the milieux.

The results obtained are summarized in the table.

We thus found that a proportion of 0.4 g per 1000 is sufficient to
prevent almost all bacterial cultures.

Also, we tried to find what amounts would be bactericidal to certain
of these microorganisms; in other words, the proportionate amount of
diacetyl capable of killing bacteria in liquid cultures. Tor streptococcus,
pneumobacillus, colibacillus, salmonella typhosa and salmonella paratyphi
A, an amount of 0.4 g of diacetyl per 1000 was shown to be fatal.

It'can be seen that this amount of diacetyl corresponds to the smallest
preventive dose. We propose to study whether lesser amounts will still be
toxic for the same bacteria.

The fact that diacetyl is not eliminated and is actually used and
transformed by higher organisms may constitute a favorable factor for its
therapeutic use as a bactericidal agent. 1Its bactericidal effect is quite
inferior to that of certain mineral substances (mercury chloride) or dyes
(gonacrine), and is about the same as that of oxyquinoline and some of its

derivatives whose practical usage has brought some interesting results.

(1) M. Lemoigne, C.R. de la Soc. de Biol., 1927, 97, p. 1479
(2) M. Lemoigne and P. Monguillon, Milk, 1936, 16, p. 26
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POUyori ANUSEPTIQUY BT BACTERICHN

LU BIVCE DY LL VIS-A-VIS DE QU ELOUES MECROBES PATHOGENLE,
par Mo Liv-Bronn ot Yvossg Cano,

Les produits de la fermentation butsine-chucoligue @ -3 buty-
lene-ghycol, acdivl-mcthndearbinol ef dioectye, <ont des termes
constands du mdctabolisime des Sres vivants M, Lenwigne 100

Des essads effectuds pour ¢tudier Datilisation «du dim-«'-l‘\!«:.nnt
wonlré qui o dose de ooy aro i oX ere par lilre, i! v.-'l’ hv:;\:que:
pour unceerlain nombree de micerobes G0 il mzn.hnm: receny-
ment pour les ferments Tactiques of saprophytes divers 'M. Le-
moigne et ') Monguillon 2001,

Quentitdde digedtale po o0 ¢oode nohen en gr. Tule témom
-~ : _— it
i z i " W [N diuvetyle
[aphylocoque  dord o0 o o S e DR
Sreplocoqie oo En m " " e I PR
Puctsnecoque oo L NPT o o " o R -+
Gonoeoque ... [P 0 o : “ v - - -+
3 N N — e PR — -
Pyveyanigque ool I o o " - -~
cira st
Paevmechacille o000 000, o o o . - - =+ KRS
v
‘ofibaci . [T -
Colibaciile ooooooi.t. T n o o K Lo
: e dd
Bacille yphigque ....o... < o : " B . PR
Bacitle pasadyvpivgque A L. o ¥ o S P -+ S
i P : - - ER
Bacille paratyphique B ..« 0 o s -

Bacille dipindérique o omi-

“!'Il ordinedie oo, K (3] o1 9] -t - o
.
LM IS J-1
Bacille digphtdrique sur <.
rutit de cheval Lo L0, o o v t - 4w SHNNER

tale . col o6 aels g bont Je N e

Les vésultals, saul fndication «pi

+ = cuilire [CRY abomdante. + 4 =abandiaee troveie, = o 2 senltuie o

CSuivant Jes sugpestions de M. Lemoigne, i nons o pavt Codé-
ressant de recherebier siodes propricles anafogves e peatnfesien!
a Uégard de vertaines Laelérios pathicgdnes. Mo anveres otadid
Tout draberd les doses do dinedhle cmpéehant Te ddselonmenent
microbicn par Paddition de quaniiés croiasontos, o des i .
de culture Bgiides usnels - honillon de havicads peptond chieoss

pour La pdupart des bactéries, bonillen aecite pony e conccongue,
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sérnm de cheval pour le bacille diphtérique.  Cette addition,
Conumne nous nous en sommes assurés, ne modific pas sensible-
ment le pHb du milieu.

Les résultats obtenus sont résumdés dans e 1ablean ci-joint,

Nous constatons done gu’une proportion de 0,4 gr. p. 1.000
suffit & empécher presque toute culture microbicnne.

Nous avons recherché dautre part Jes doses bactéricides vis-3-
vis de certaings de ces microorganisies ; ¢ esl-i-dire les propor-
tions de diacétyle capables de tuer ces microbes en enllures li-
quides. Pour le sireptocoque, le pneamobacille, le colibacille, ¢
Lacille typhique et Ie paratyphique A une dose de 0,1 gr. de dia-
célyle p. 1000 s'est monirée mortelle, ’

Cetle proportion de diacétyle correspond, comme on le voit, a
Ia plus petite dose empéchante. Nous nous proposons de recher-
cher si des doses inférieures, peuvent encore se monirer toxiques
pour ces mémes bactéries, ‘

Le fait qne le diacélyle n'est pas ¢liminé et se trouve vraisem-
blablement utilisé et fransformé par les organisines supéricurs
porarait constituer un dément favorable pour une application
thérapeutique de ectle action bactéricide. Celle~ci, trds inférieure
cerles @ celle de certaines substances minérales (chlorure de mer-
cure; ou coloranles {(gonacrine), est du méme ordre que celle de
Foxyquinoléine et de certains de ses dérivés dont 1'utilisation pra-
tique a donndé des résultats intéressants.

(Institut Pasteur.)
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R. C. Lindsay

| Cultured Dairy Products

INTRODUCTION

Lactic acid-producing barteria have been used for centuries to convert
fresh mitk into edible fermented dairy products. Before the advent of
pasteurization, refrigeration, and refined enlturing procedures, man relied
on the natural microbial flora or crude starlers to carry ont the fermen-
tation processes.  Through the yews a great momber of cheeses and
fermented milk and cremm products have evolvied, This paper deals
with a group of fresh dairy prodocts which possess a cominon culture
Havor.  Typical examples of this group are butter culture, cultured butter-
milk, cultured ercam butler, sour cream, and ereamed cottage cheese,
The characieristic culture flavor of these products is primarily dependent
upon Hlavor and aroma substances produced by certain Jactic acid-
producing bacteria.

FLAVOR CONTRIBUTIONS FROM NORMAL MILK CONSTITUENTS

Although culture flavor is dependent on microbial mctebolism, it is
generally recognized that a sienificant conlribution to the overunll flavor
of cultured products is made by vormal mitk constitnents. The com-
pounds considered Tercunder are naturally present in fresh miik or are
produced from milk constituents during manuafacture.

Milkfat possesses several characteristics which we believed to con-
tribute to the flavor of cultured products.  The glyecrides of milkfat
contain considerable quantitics of hulyric, caproie, caprylie, and capric
acids,  Work by Harper ef «l. (1961) and Khatri and Day (1962) has
demonstrated that milk contains appreciable levels of wnesterified fulty
acids (straight chain Cie or less). At optimum concentrutions these
fatty acids are believed o add favorable notes to the flavor of dairy
products. A number of Jess abundaut fatty acids have also been found
in the lipids of cows” milk (Magidman ¢t «l. 1962). The flavor sig-
nifivance of the majority of these acids is largely unknown,  Of pasticular
interest are several isomeric nnsalurated 18 carbon atom fatty acids
isolated from milkfat by de Jong and van der Wal (1964). These acids
are believed to be precursors of f-cis-heptenal, a compound isolated from
milldat which exhibits a cream {nvor (Begeman and Koster 1964), The
cream flavored component is formed through the autoxidation of the

isolinolcic acids.
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been made from pasteurized sweod creanm. While sweet eream butter
possesses the unique wnd desirable characteristics peculiar to milkfat, it
has a bland flavor and docs ol possess acultire flinvor, e flavor of
sweet eream batter, therefore. is dan entirely to flavar componls initinlly
present i fresh cream und to those produced ov added {lor example,
salt) dwring manufactore, As vet, it has nol boon passible to duplicate
synthetically the natural favor of sweot cream huiter.,

On the other hand, caltured cremm butter was the usual product hefore
the development of modern processing procedivees, In nany instanecs
culture flavor production wag bronght about by the natneal bacterial flora
of the cream rather than sophisticated culturine techniques,  Clearly,
cultured eream butier flavor is duc to Lete inhorent natoral thavor com-
pounds and compounds produced by microbig activity., Therefore, it
Is proposed that the terms, “ealiured butler Havor” or “eultured erenn
butter flavor,” be used in deseribing the flavor of bulter processing a Hue
culture flavor. The torm, “butter flavor,” would then be a more meaning-
ful description of the flavor of swect creamn butler,

ORCANISMS PRODUCING CULTURE FLAVOR

The bacteria Tound in starters wied for the manufacture of cultured
products can be placed into three general categerics. These are {1) the
lactic acid-producing streplococed, Streplococeus laeiis and Streptococeus
cremoris; (2) the associative citrate-fermenting aroma bacteria, Lengeo-
nostoc citrovorum and  Leuconostoe dextrani-inm; and (3) the dual
purpose lactic acid- and aroma-producing  strains  of Streptococeus
diacetilactis,  For convenience the term, “aroma bacteria,” is used as a
geveral term to deseribe those organisms which produce appreciable
quantities of diacelvl when appropriately grown in amilk medium,

Commercially blended mixed-strain starter eullures contain combina-
tions of the above mentioned species. The type of product that is to be
manufactured determines the species of organising 1o be ineluded in the
culture. For instanee, in setting o vat of coltage cheese ouly lactic acid
for congulation of milk is necessury. In this case combinations of strains
of S. cremoris and S. lactiy may be quile satisfactory for the production
of a bland flavored produet, However, when enltare flavor jg desired
some provision for the inclusion of aroma bacleria must be made,  For
ercamed cottave cheese mannfacture some enliure flavor may be oblained
by employing mixed-strain caltures containing aroma bacteria for checse
setting. Frequently aroma bacteria produce considerable duantities of
carbon dioxide through citrate fermentation and iy Teads 1o problems
withe floating  curd during the cooking  process. Alterate natural

L&y
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culturing methods for producing culture flavor have been developed.
‘These methods involve adding coltures of 1., citrovoran: (Mather and
Babel 1959) or 8. diacetilactis (1andstedt and Foge 1962 to the cream-
g mixture prior to final mixing,  These processes climinate floating
curd problems eansed by the aroma bactesia, Carbon divxide production
in the finished cheese is not objectinneble, .

Stwrler cultures are voutinely propagated in milk media, Culture
activity is maintained by frequent transters. Lxperience has shown,
however, that it iy very diflienlt to achicve consistency in tlavor production
under normal dairy plant operations. Many Lactors are involved in the
difiicultios enconmtered i ] produclion of hish-qoality aroma producing
celtares. Changes in the balance of the microbial flura are direetly
reffected in the Havor and acid producing  charactevisties, Certain
cultuzing procedures tend to favor the developent ol come hacterial
steaing over others (Galesloor 1662, Vedamuthu of of, 1464 ). Quite often
a shift in the halance of organisms is expericueed, and one or more strains

predominate after a fow trangfers, The wwsual resualt is the loss of the

ability o1 the culture to produce a desirable caltire {lavor. The use of
culture retation programs and single-use starters which do not require
routine daivy plant propagation has been of value i enltured product
manafacture. However, the dairy industry still is faced with starter
problems,

STARTER DISTILLATE AS A SOURCY, oF CULTURE FLAVOR
SStarter distillates have been used for producing culture flavor in butter,
four cream, and creamed cottage cheese. These Havor concentrates aye
obtained from desirable mixed-strain bulter caltiwres that exhibit high
flavor-producing characteristics, I addition, culturing methods, such
as the addition of citric acid to the medium, are emploved o enhance

favor production.  Steam distillation is used to recover the volatile:

flavor fraction from ripened cultures. The flavor inteusity of such
distillates can he standardized to mect market demands.

Althongh a starter distillate imparts a definite culture flavor, it is well
accepled that it docs not duplicate the balanced flavor obtained through
the use of natural culturing procedures. Several factors may contribute
to the inability of starter distillates to produce exact Havor duplication.
Loss of desivable volatile flavor compounds and  production of et
indueed components during steam distillation iy change the flavor
properties of starter distillates. Furthermore, the ratio of desipable llavor
compormds found in natural intact hutter cultures may be altered during
distillation,

LL



- |

™ T M MM M Mmoo M T T/ T M

Chapter 1l, Lindsay - "Culture Dairy Products"
p. 324 |
" Synthetic Culture Flavor

Diacetyl has been used for imparting flavor to butter

(Riel and Gibson 1961) but the results were not satisfactory.

Work by Andersen (1961) indicated that addition of diacetyl
to sigle strain cultures of S. lactis sns 8. cremoris waxr=z

resulted in an improved flavor...Ir wost instances starter

distillate gave a morc QGasirabje flavor than the synthwtic
formulatiy

Shie. This emphasizes the fact that even though

the flavoring propertiess of starter distillatesz are inferior
to natural culturing procedures, the distillstes contain s
rezsonably complete spectrum of culture flavor compounds,"
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- QUALITATIVE ASPECTS OF THE
CHEMISTRY AND BIOLOGY OF
v RADIOMIMETIC (MUTAG ENIC)
SUBSTANCES
™ : ‘ By ANTHONY LOVELESS
; Chester Beatty Research Institute, Rayal Cancer Hospital,
‘ London, $.w.1
, RICENT communieationt sot, f61;b1 the preeis
H JAS_ Liolugieal t(-ritm'i:t, luiu’m which chlomivzzln:(l:!f

stances may bo clussilicd as radiomimetic and therchy
distinguished from olher types of ‘mitotiv poisuns,
Cytologicully, tho term “radionimotic’ must he
restrictind 10 those substances which ean bo shown
unequivocally 1o react upon the r sting eell in such
& way as to produce an alteration of tho penctie
malerial which is rovealod by the appearance of
clivomosomo  brealkago and regrrangement oy sul-
soquent divisions. 1t is bocoming ovident through

-

.

worl of genetivists, notably Averbach and Robaans,
" Apoportt T, Demeres? snd Bicd™, thai these snb.
stances avo alho mutagoenio, Probably tho converse
,-!/'\\ is true, namely, that compounids which arve radio.

: mimetic as judged by genction] tests are alse capable
: of producing visiblo cheomosome offocts in somatie
tasucs,  Sinco, however, certam compounds hinve
heoen clainwd to ho matagenic withoul radiomimetie
eifects having been demonsiatod eylologically, the
waord ‘mutagonic’ i enclosed in brackeis in the 4l
of this article.
Agahn, the terms Sadiomimetic’ and ‘muttacenic’
have hoth qualitative and quantitative aspects, ‘Thuas,
Auerbneh® found that tho proportion of franslocations
and sex-linked leihals prodaced in Ly sopleile by
’ taustard gas wae nol the same as that produced by
Xerays,  Ford? observed tha ‘nitrogen mustand’
-l (methyl-di-2-chlorocthylumine) ravo  a difforint
patiern of brealzage in 7dedn chirothosomoes to Norays

s fevell (ref. 1 oand unpublished) has extended those
findings to other substances of the radiomimetio el
and endoavoured o rslato high-breakaeo regions o
- tho disteibution of lotercebromatin as dofined by
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jow-temperature sensitivity.,
of our recent work will be S,
The present commnuication denls with the relation
petweon chomical structire and radiomimeltie selivity.
A later paper, written jointly with Me. S. L. Revell,
will deseribe tho metheds cmpluyed and tho roaalis
obtuined in o precise anulysis of thio oy tological oifcets
of active compounds in conpacison with N-rays,

Material and Methods

Throughout - the majority of the work, root tip
meristems of Fiein Peba have been used as a tost
uhjeet 5 a few experimonts have also hoon done with
lavviy of Tritures pabnaius,  T6 is necegsory in an
experimoent of this kil thot the duaration of trest.
ment o Himited, so that iomediato tovie ofteats and
ll'll(‘ genclic effeets of the substanco under test may
be distinmushedt, The pesunaption bas therefore heen
mado that the effeel is determined quantitulively by
tho product of concentration and time. (It 35 appre-
cinted that the concentration of rengent to which the
material is exposed may not bhoar any direel relation
to the concentration at the site of aclion in the cell
However, wo are hero dealing with compounds that
ack by covalent Lond [ormation and nol with in-
differcnt substances of & nareotic t\'p( )
lixpozure of the roots to solutions of the c'\mpf)und
was, therefore, limited to one hour, and a wide series
of concentrations was {ested, Samples wero taken
At 4-6 hours after treatment
innedinte offeets on those cells already in division
at tho timo of treatment, and at 18, 24, 36 or 48 hours
as necessary Lo determing the offect upon eclls ju the
testing sloge at the timo of treatawnt.  Propuration
‘of material for microseopie examination throughout
the series of experiments reported here was by tho
Teulgen squash methoed,

Choice of Compounds for Test

At firgt, attention was mainly foeused upon com.
pounds of the mustard type, sinee they are known to
radiominpotic and mutagente and  particulorly,
owing o the dovelopment of uliphatie- and aromalic-
typo nitrogen mrstards by Goodmon of o2 and
Haddow, Kon and Ros respectively. ns growth

by

inhibitors,  Morcover, the chemnieal reactions of hoth
sulphur and nil m;:n:u mustards have been extensively

studied, and 1t was known that these ('mm.\mmrls
react ym(hly with 1]1(‘ “NH,, -+ S earhoxy] ond
iniidazole groups of projeins and with amino- and
jrimary  and  sccondarvy  phosphoryl  groups  of
nocleie aeids, The roeactions of aromadie nifrooon
teastards with amines thioks and andons have reeently
bren extensively stadicd by Boss avd colloagues! 3717

la an atiempt to deetde which of these renctions
significont in determinoge the  chromosome
changes, a rance of compoinds was tosted, designed
ar na possible ax seleetive reacents for the indi-
vidual groups conecrned. Ia Lhe first instance, only
bifunetional eompounds were employed, bul. where
setivity was found. monofunctional aunlogues were
alao tested,  Sulphydes]l yeaents were the fiest
soeleeted in spite of the fuet that the © SH reaction
apponrs 1o ply tittle part, in the determination of
othor bioloieal properties so far as sulphae mostaed
15 gonecrned, The choice was Jargely nftaenced by
the Beliel held by meny workers'* =0 fhat sulphydes]

Wt

compounds play oovital part in eell division and
arowlh and in the fuoction of allegedly  ‘radio-
mivielic’ poisong®®, In addition, Ogiton* has

MATURE

for the obhservation of

539

demonstroted oo very high ‘competition foctos’ for
muslard pas eserted by corlain ---510 compounds,
Throo main bypes ol -3 yeagent were emploved,
nrmoely, lodoacetyl derivatives, organie avsenieals and
unzaturated  cormpounds of  various  doublo-bend
characteristics. Some of these compounds may also
reack with amines, buv in addition certain other
amine reastants, notably cevbouyl compounds, woro
tosted, hivdly, various reagenis havo been investi-
gated which, liko the mustards, are cloetrophitic,
thats i3, thoy tond to resct prodominantly with freo
nmine-groups and antons, JRossY has domonstrated
that, the groups most likoly to renet in 0o, esauming
that the pll at diftorent, collsites docs nob vary
aprreciably from noadrality, aro acid anions and
cortain aromalie-typs rnino-groups in nueloie acida,

The types of compounds choden wera Inegoely basod
upon 2 list deawnoup by De. WL CL S0 Boss and myself
more than two years ago as part of a provramme
desiened to test tho value of thy cross-linknge hypo-
thests™, During the course of {lus work, tho results
of Ford and of Revell, alveady noted, boeame avaits
able, and an explanation was being soughl for the
apparent difforenco hetween the elfect of Nerays,
which was assmwed to be meditod by a free-vadieal
mechanism, and that ol ivstards and epoxides, which
almost cortainly act, by allivlation or esterifieation,
Hence, peroxides and per-salts which wnight acl as
chamieal sourees of hydroxyl rodicals were also
oxnmined, especially sines compounds of this type
had beon found b3 Dickey, Clelund and Lotz™ to
pProduco mutations in Newrospora,
theso tests will bo indieated brieffy and dealt with
woro fully clsowhere ju the Tater papor,

Results

Biologieal effects may bo classified as ‘pyenotie” or
‘radiomimetic’  (mutagenie).  The former ineludo
oflcets such vg ‘stickiness’, anaphase lageing, ‘sticky®
bridie formation, and  metapbose wnl  telophane
prenosts, which aro observed in cells dividing at the
timo nf' or very shortly alter, treatment.,

T4 is true thab inte r(‘\luv stickiness at anaphase
may occasionaliy result in fmg(mnnt formation during
anapbase (cf. Levan®, [PAmato™), and this may
partly account for the low incidence of mutations
after treatment with non-radiomimetic agents, for
examnple, allyl isothiocyanate and dichloroacctone?,

Bifunctional Compounds

-—8H Beagents. 'Thoso {ested included the follow-
ing: 1:2 di-(iodoacetylaminobenzono, 1:2  di-

(1odoncetoxy)hanzene, sy diqtodonectone (analizons
to dichloroneeione),  e-xvivl  dibromdade,  amine
F-hydvosy-pheoyl  arsenonider feliforvinyhasonic
acid, lewisite, divinyl others dinliv] sulphide, dindivi-

amine,  didlvlaniline,  methyldinylooiee,  diadivi-
aniline methiodide, divinyt salphione, dhichlorodiothyl
sulphionoe, protoancmaonin, aneteonin. pivtuding hiyedee.
quinone, benzogqiinens, afbyl isothiocyonate.  (The
fivst substance, 1 2 distiodoscetyiaaninoiborsoge, fos
been reporfed as prodociog racdiomimetic elfcets in

Tritarus (Goldaers of al ™ hut subsequent experis
maents have failed (o repeat the vesuli,) OF the 3,
nuny gave pyenotic elfvets, buat ondy protoancmonin,
divinyl sulphone awldy o Lsseer extent, dichioro.
dicthyl sulphone serel in addition, radiomdueiic,
hnsaturated cormponnds to this Hist Bivve been ehioson
to include examples with neutral sraupa (O, clectron.
repelling gronps (N,8) and electron-ativacting grouaps

209
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(N, SO, lactone) adjoeent Lo the double houd,
Prabably the first two types do onol readily underzo
addition reactions; in the third cawe. the double
bonds ace highly polavived and wilb react yeadidy wirks
Iluc‘!(‘u]‘»i:iﬁu i

=N, e The original Hst included cortain
1 up s, stch s kelenes and iso0-
cyanntes which it has noi heen eonsidered profitable
to pursue owing to the syvnthodie problems otlered
and the instability of such compouds tnowater, One
acid ehiovide, alayl ehidoride, has beon tested
and found inactive, but subsequent exanination by
Trn P private commmnication) has vevealsd that
this compound undervors very rapud hydeolvsin in

=i phid

waler,  The rencadnder which  were tested ave
as follows o ghvosad, d N seervl prepionyl,
phihaiohlehyde, for nn 7 X methvlal, vesorcinol
diebioroimmate, None stoveed  yadionsimetic he-

haviour.

Ilectrophilic reaaents,  Tho nitvogen and sulphur
nustards  have beon  re-luvestigated  for  certain
limited purposes: to determine the order of con-
ecntration required to give optimal offects in 17ciq,
and Lo investigato the possible influence of basie
substituents, Diepoxides were prepared by Me
J. Y Bverett and e W L JL Ross, of this Tnstitate,
az a duvelopment of the crozslinkage hypothesis
(cf. Loveless and Revell!, Speakman®®, and Deurt and
Neukome!),  In addition, o bi- and a wi-fanctional
derivative of othylenimine were exanined,

All types proved to be eflective radiomimetic
agents and to show no non-spevitic toxic or pyenotic
efteets ot aciive concenlrations.  Compounds tested
were ;o mustand gas (dichlorodiethyl suiphido), nitro-
coen  mustard  (di-2-chlorocthyl meibylamine). di-
chlorodicthyis m.mo NN-di-Z-chloroethyl-pi- Imtnvlm\u
dianine, 1:2, 3:d-diepoxybutane, diz: 3-cpoxy-
propylether, 114 di-(2: B-cpoxypropoxy)-henzene,
dicthylenimino phenyl methane, 204 : 6 tricthy lnu-
bnino-1:3:5 triazine.

€

Monofunctional Compounds

Tour types of bifunctional compounds have thus
been found active, numely, suiphur and nitrogen
mustards, diepoxides, ethylenimives and unsaturated
(r)mpound), in which o strongly clectron-abtracting
group is immediately adjncent to the double bomls.
Monofunclional an.ll&hms of theso have therefore
Lean investigated.
o Mastard worics. The first compound found active
was o monofunctional analogue of raustard gas itseld,

othyl-2-ehlorectnyl :111|,lmh~.. A (?mnp.lmlylu ‘one-
armed” npitrogen mustard,  dimethyi-2.chloro-cthyl-
amine (analogons to methyl-bis(2-chlorocthyl)-nming),
was ulh-r\nmiq found netive when tosted at com-
paratively high conecalration and the solution made
slightly allkaling to ensure that most of the compound
was in tho lurm of tho freo base.

Epowide series,  Low activily on the part of opi-
chlorhydrin and l)ut rdicne-monoxide was discounted
on tho grcund  that  neither  wag  strictly o
monofunctional compound. 1Towever, ethylene oxide
has now been found to he moderately: active, while
Bird! has confirmed the eavlicr results ot Rapaport.
Consequently, there can be no doubt that ut leasg
some mono-cpoxides are capablo of acting os radin-
mimetic  compounds  within  the lanis of  the
prosent test.

Litlylenindne serivs,
found (o bo an eflicient radiomimetic ageant.

Fthylenimine itself has heen
In this

ensa, however, one cannot. Lo sure that the Compaiy,

oacting ax aomonofunctionad reagont since, iy
b

L reaction. @ primary sunino-group s pmdmul whi,

might acl as another funcrional controin the mal
G possibilicy ds ol spocial concern sinee puts, .,
(1 : 4 tetramethylene diunine) haz beon dn”,” i
as producing cheomosome breakage. Alehous
sulmtance has not beon tested i the presene o,
cadaverine {1z 5 pentumethylene diandne: has oy, '\f‘ :
neaative resnlts, T
iesalnrated comppornds. Two o substanecs
strongly  eleetrophifie double bonds  hav
examined, mamely, acrolein (found to be gt
fur Sirosapl deac by Ragmport) and aerylon mm
were found innecive. This s not perbegps sug
sinee both divioy b aadplone and peoteanenis -
showed radiomiometic behaviour at barely ~q
dewes, and il has heers fonned necessary e ot
to use considernbly Ligher coneentrations of

as compared witlh bi-funetional compounds, 1y,
toxie concentrurions of acrolein and aerylonityilg ‘\\

such, howoever, that
cannob bo cmployed.
Misccllancoas, Dimethy] sulphate has also Y.,
tosted in view of Rapoport’s findings and fiaeg .
show a high degree of activity.  Diazomethe:
the other hand, is inactive in this test
however, only esteritv unionized acids.

cotnpavable  coneentrygg, .,

Tixcept for the nitrogen mustands, whore spe.
conditions apply, the rutio of active concentranyg,,.
as between mono- and poly-tunctional  auadosg,
shows 1ho remackably high value of aboat 10
Though these conee m'miuns are admittediy 'y
vreciss and do not necessarily beae o divecy relati
to that obtaining at the site of action, neveriel
the constaney of thi= dilference s probablv ..
without sipniticanco.  To must be confessed it "
satisfuctory expbmation is ab present availabi
account for tho dispropotvtionate inerenso i activi,
that accowmpanics the insertion into the moleeud .o
i second voactive groug.

Peroxides and Per-salts

A purified specimon of wart.-butyl hydroperosil

(which is used as an initiator of polymerizdie
rawctions in the plasties industry) was tound actv
in producing breahage and rearvangement of v
chromwosomes undaer the conditions ciaployed, s
incidontally the compound does nol appear ta
deconiposed by catnlase. Dickoy, Cleland and Lois
have. in addition to this compound, anployed agueces
mixtures of eavbonyl eompounds —tornaddelydo o s
acotone - and hydrogon peroxido in theiv oxpegiie:
with  Newrospora. Fornaldehyde  may foru
hydroxymetliyl peroxide in agqueous hvdrogo po
oxide, and sueh amistire was found i our expen
wents to produce a low incidencs of chromoser
breakago ab just sub-lethal concentravious, conty o
performed with eithior cotposent alone giving o
negative resualts. 1tds conceivablo that stabitiow -
of naturally formed hydrogen peroxidn may acceas!
for the resulis of Rapoport® wad Aucrbacd iz
formaldehyde,

The positive resndt  obtained  with  tert. Al
hydroperoxida {which has also been h[mll"
producing ervihicme and vesications$) made
porative to examine simple peroxy unu'lrl'l“h‘
overyday use ; sodium perborute, which is g
by cutalass, and sodiam prrsulphate, wihich i
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were both found inactive, The inaciivity of these
and hydrogen peroxide itsoll surmeet that the setive
prineiple may be an alliyl radical and not hytlr:?gyl;
espeeially sineo alkyl radieals may exist in equilibyinm
with tho corresponding ion in solution.

1t appears that eompeonnds which will ronrat veadily
undler physiological eonditions only with N1 and
- NI, groups, cven though thiey Lo bilunctional, do
not e general produce radiomimetic offects, Con-
sequently, ib is nocessary to re-cxamine the proportics
of the two apparent exceptions - divinyl suiphone
and protoanemonin —{o ascertnin whether they take
nart in other reactions,  Tirst, o may consider Lho
basis of reactivity of the third ¢lass of corpounds
showing a hich crder of biological oeiivity, it hag
boon stated that these s all electrophilic reagonta,
this property being dotermined by their ability to
yield o carboniwm “ion, that, is, take up s form in
which a positive charge resides on one of the carbon
aloms. Lhis 5 achioved in the mustards by ionization
of the halogen atom, which ocetirs as o unimolecular
reaction in aqueows solulion and i facilitated by the
oloc‘px'on-rnp«-lling charaeter of tho nilvogoen or sulphoy
atom, as alroady deseribedt, The carbonitng jon ean
now reach with wuber or with a, nucteophilic contre;
but the rute-detormining step is the primary ionization,
which is indepondent of the coneentration of (he
seeond reagrent, Aol {reatment of Lhis subjest enn
bo found in the chemicnld Htovature, for example,
Omiton® pand Rowss,

the reaction of epoxides and  ethylenimines iy
eonsistent with tho assunption®s that tho ving opons
With tho formation of & carbonium ion, thus ;-

CHL,.CIT, CIL,.CI,
\('/ B é)
) NS -
{or Nt1) or (NII=} |

This likewiso will react with wator or o nucleophilie
eentre, and a hydrogen ion will add to 07 or NI,
However, there s o eontrast helween thess aml the
ustards jn that the ring does not open exeept undor
e polavizing influenee of o reactant. The reaction
i thng bimolecular, and it rato deternsined by the
Convontration of rencting substrato s it micht. he
vpeeted that the fwo types wonld show (lilﬁl‘il)g
Furnoes aof selectivity in their action,

e now he g that the active unsaturncd

Craponnds hace simar foatures. Thus, the clectron-
wreting group will eause o displicoment. of the
cleetrons of the donble hond  with il
wlting polarization of | ha bond and the producting
apositivelyechoraed ferminal eorbon atom, The
bocity of the donble bogeds to o reneh with anions

ronfivmed by the fuct thag divinel sulplion
el with the thiosudphate aonion, which has s very
eh oeate of competition for the earboninm jon, As
o lurtier test of (his priveiple, Ross in the press) basg

ot~

Gonined  the reactivity of some unsatoedod aldao.
wwides and enforg toward thivsuiphate and has shoun
hat o stenificant reaction only ocewrs where e
Vingt group i unsubsiituted  anl innacdindely
Mjacent o tho ('Iv_‘(-(rnn-nllnu'tin;: centre,  for
Swple, acrclein, acryloniteile and aceylic esfer, Lut
Dol methacrylic estor, erotonaldehyde, erotonic cator
O einnamie aldehyde,

'
!
1
i
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However, reaction with Lronps other than anions
s strongly fuvonved sines ghe double band, heing ax
all tites polarived, is able to polarize aud reast with
other groups in turn, especiidly — NI and -- N1,
Moreover, estors dorivi] by reaction with ncid aninns
are lable to be very vaostable, Diving] sulphone is
thus onw of tho least activo of the radioruimotie elasy
avd has o high toxicity, Tu the abacney of OXpOLi-
mental evideneo, it o wsnmed that tho activity of
protoancmonin dopends upon a shiniloe mechanisng,
The very low aclivity of dichlovodicthy! sulphaone
mish ho related to the easo vwith which it lIoscs
hydrogen ehloride o givo divinyl sulphone  (cf.
Boursnoll ef ql.7),

Sa far, b oappoars that sl Lhe reuctically an
compaunds discused havoe the common properky of
reacting by a carbonitm jon mechanism,  If Ross’s
fssumption. as alveady refirred to, ig correet, i snerng
dithientt to aveid the conelosion that (e hiulo;{ir‘nﬂy
signiticant. reaction iz an esterification  of jouized
acids,  The possibility of direct netion with nueleo-

profein ageremates in the resting noelons has pre- -

viously hoon sugeested,

Lt remning to consider whother other radiomimetie
or mufagenic agents can he accommodated swithin
the same general plan. Work with pertoxides iw g
veb o its carly stuees, and more will be said cor.
cerning this in the luier paper. Nevertholoss, it haos
already  Loon proposed by Ross™ thai, there are
points ol similarity  betaveen free radicals  and
carboniwm jons. :

Many of (he compoimds  which Rapoport  hag
claimed (o be noagenie, suely as dinzomethano,
dicthalsulplate and, as we ha Ve seen, acrolein, resed,
readily us estevilving agents. 6 s, however, ovident
thot eortain mutacens sueh as phenolis, urethinnetoss
careinogenic hydeocarbons, B-naphthylamine® g
caffeine™ ol inta o difforent ategory hoth chemiceally
and, B so far as (heir love] of wntagenie aetivity iy
concernod, biologienlly, It is not ol ol the rpuestion,
howoever, that sorne “of theny shoulkd he converied
to reactive derivatives, for example, epaxides or
peraxides, dn »ivg,

Yhis investization has heen assisted by gants {o
the Royal Coanewr Hospital from the Deifig), Fanpire
Coneor Campnign, the Jane Collin: Childs 1Pund for
Medieal Researeh, the Annn Fuller Fund s the
Division of Research  Cirants of the US. Publie
Heualth Service.

Summary

Tests with a eansiderghle range ol mona. g
polv-fimetional alksliing g Csterilyving aoengs [y
rdiomimetio etiv ity in e have showyy that oniy
those compounds e detive which are <ipabio of
reacting by oo earbonivo jon rechani=o, AWinle Lo
o= aind poly-fimetiona iy pesave aetive, the fadaerp
show n very muech holer degrea of aelivity 3 no
cntively satislactony explanation of this fact has beer
!n'l)pr»’l:(l.

The vesmlts cugeest, that el WY resides {1 e Lich
degree of selectivity of veaction with avions whiel, j«
manifested by the group, and that the sitniticant
vonction <n vlvo g ]vrnlmhl_\' anesterilication, 7| bros
virdhioraimetice activity of oreanie peroxides gy ool
reported, cand the Susestions offered (hat corlaim
mutazens, for exanple, fornudehin de, nay et
through the intermedinge formation of crenge I
oxides by reaction wirh vatneally pradneed byvdpeecen
poroxide, Tt is suspoctod (hat e activity of arzanic

POy
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pevoxides lies iv their ability (o liborale alkyl rather

than hydvasy? radicals.
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The Oxidation of Acetylmethylcarbinol
to Diacetyl in Butrer Cultures'

IOAL I A AT IAN anvp B3, Havaon

Diaceryl, aectylmethylearhinol, and 20 byt vhe shveal e
stitute & series of foinpouands that is or speeial g
hutter cultires s, Presiably. in hutter npeer
the use of culture, A satisfaetory Lty enlture coniandy
containg relatively Juro. fuantities of dectyhinej \
that are formed Hhranel; 11,0 Wrtivity of the eitvie
ing streptococe noernadly present in the culture Small
portions of tlig acctyhmethylearhing) appear to he oxidized
ta dincety] whicl e BEPOrtant from the standpeint of the
arema of the enlinre, Some or the seotvhnerhyleailinol is also
reduced to 25-bur ey alyveat ihonph the action of the ¢
acid-fermentine streptacocel (14, The reduetion is mge
erina butter eulture thap in o pure eulture of one of the
tococel {0 awhich acetvimethylearhingl has been ndde
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this relatively slow redustion s probabily due 1o the inhihitor

X
effect o the aeid iy the hutter cultare on these streptoceeet,
From the standpoint of the aroma of a hutter culture, the
oxidation of acetvimethivlearbingl 1o diacety] is especially im-
Portant since diacetyl, in 1he Dreper coneentration, has an odor
SBueestive of e Lgtier, while hichly purified acervimethivi.
Aarhinol is adoriess, Aveordinely. an altempt was made 1o de-
termine whethier this oxidation is a direet chemical action or
whether it is hronely about throueh the activity of the ¢itrie
acid-fernentine Streptococei. The venopgl procedure followed
Was 1o study the effeet of carlon dioxide, hydrogen. nitrogen,
and oxyeen on the production of diacetyl (1) in acidified
Sterile milk 16 whiel, acetyhnethylearhine] had been added,

(M) in aeidified enltures of the eitrie acid-fermenting strepto-

cocei. and (o) in hutter cultures,

METHODS

Discety] was determined as nicke] dimethylglvoximate (33,

using either a 200 op 00-em. sample for analysis; carbon diox. -

ide or nitrogen was bubbled througsh the system for some time
before the distiNlation was begun, in order to remove oxyyen

Wwhich might produce diacetyl from acetylmethylearbinol dur. .

g the process, Acetylmethylearhingl was also determined ag
nicke] dimethylalvoximate by uxidizing the carbinel in a 200
Em. sampje to dizcety] with ferrie ehloride and distiliing it gs
diacetyl (3. :

t Projecy 107 of the Lowa Acricultyrnt Fixperiment Sty tion,
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In some cases small quantities of oxidizing reagents oy
added 1o the water sojutions iwithont the use of 4 wag) iitoan
attempi to oxidize the acetyimethyleavhinol. Hydvogen peray.
e aved notassinm Perninenuate did not prodiec diaeery] iy
N Bures at 28 (0 Potassinm dichromate yiehled a traee of
diaecty it oas muael dincety] was olbtained o hen the mixiyre
was distilled o oltee ax o whon it was distied after I8 honps
whieh sucoests thar 1he diaceiyl was produced during the Jix-
tilation process sather (han by the effeet o the Dolussium
dichromate gt 21 ¢

The effeet or varions easvex on 1he production of dinectyl hy
the eitrie seidTernenting organisis in ik was stindiod a‘s
follows:  Lots of sterile skimnilk were noentnted wit!

o

) th ?ho
oraanism to b used o inevhated a1 21 (0 Mter aeidineg
)

o
with eiirie 115 rereend

u
amd sudineie gaunliv oo pereent)

acids to a pH SIUSTaetory for the ranid production of aectyvl
methylearhinol, vavions sases voope Bubblod thronah the Jif
ferent Tots, The wstal determinations wore g de folowine 48
howrs of ineubation g1 2 LA ‘
tahle 2,

Drveneh tvial theve was some vi vintion i the viehds of geeivl
methytearhinol plus dinectad with the varions .

The data obtained o viveu in

ises ated inoeepe
tain of the trials the varintions wer. viry darge. None of the
guses regularly cuve cither 1he 4

padr

et or towest production of
the carbinol, There woere Pelatively Laree vindations in the
vields of diaecty] and the lnreest Vel was alwavs Altained
witen oxyaen hid heen Lol threuch the valture while the
seeond lareest viold

e abeavs obtained with the epliire X
posed to the abre In g vamber of instanees there was a com-
paratively low vield af ne vl hylearhing pins diacety] with
oxymen ar exposure to niv and gt the saeoe thne the vield of
diaeet vl was relatively Lich,  Ther was noe reonlar varintion
I the svields of diseety] with cahon diovide, hydrogen. and
nitroven,

The data indieate that the production of disectyl hy the
cHrie acid-fernenting strepiococel was definitele maodified hy
hubbline varions saves thronel the enitures and that oxyuen
gave the laroest vield or drectyl aie wave the next Laroest
yield, while corlon dioyide, Bydvogen, and nitroren wave rela-
tively Tow vieldy

Additional results on the fivet of Virions eases on the pro-
daction of dineety] by 1he ¢itrie aeid-fermenting orgniising
vere ohitained by inoenlating Tots of stevile ~kitmilk with one
of the orennisms, nenhating 24 hours at 217 O aeiditving some
wots with sulfurde acid (007 op 0218 pereents and other lots
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ECT (0 VARIOUS Gasii 0N ACIDIFIED CULTURIN OF THE
CUTRIC ACID-FY ~rnny ' «Ci (L.

B Cias
after buhbaed
wdding throsgh
aeid ik

Organism iun
ced ad

§ o= Toalte
oo,

: Ii:
R : N
' (4
34 o REY 3.0 none
AN
H,

[

—
e
<,
1L
£
[
-

z

37 40

37 ¢ 4w

*0.407% sulfuric ured to get low pi.

with eitrie (015 pereent) and sulfurie (0.31 or (.32 pereent)

A
acids. bhubbling various wases throuuh the different lots and
then makine the usnal analyses arter 48 hours at 21° C. Table
3 gives the data obtained with two nrganisms,

With each organism the addition of ecitrie acid gave the ex-
Peeted inercase in the production of acetylmethylearbinol plus
dizeetyl. Either with or without the addition of citrie neid
there was scme variation in the vields of acetylmethylearbinel]

Plus dincetal in the presence of tho various gascs, but these.

Were giot lavee exeept in the case of one of the eroanisms with.

pANe

out aeided citrle acid, Thepe were relatively laree variations

FTE)
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The pH determinations were made cleetrometrically, usiy
quinhvdrone.

When gas was to he hubbled through milk, water, or eul-
ture, the material was placed in a hottle fitted with a stoppep
carrying two glass tubes. One of the tubes, which was used
as the inlet tube, Ied nearly to the hottom of the bottle while
the other, or outlet tube, terminated o very short distanes helgy
the stopper.  Qas from a eylinder was hubbled through the
material rather rapidly for about 10 minutes: althouch e
material was agitated by the eurrent of gas, it was oceasion-
ally shaken. When the treatment was complere, elarmps wers
placed on the mbber eonnee:
few Tots of milk roarmed considerably but ax a rule no (B
wias crvountered.

Comercial aecetyimethylearhingd was prrified by washing
with cold anhydrous sthor ax suewestod by Stabily and Werk.
man {9,

g

ons feading to the elass tohes, A

Feulty

EXPERIMENTAL

The attempis 1o oxidize acetyvinethiviearbina 1o dineetyl in
miltk, without the action of baeterin, were carried ont as fol-
Tows: A quantity of sterile skimmilk was aciditfed to a pH
satisfactory for the rapid production of aeetyimethylenrhinal
when the vitrie aeid-Sermentine strepiocoret are prosent, Tk
wallv a mixture of citrie (1015 perecnt s aned suliirie c028 to
U3 pereents aeids was cmployed to cive o pH of 3.8 op 3.4
because wnder these conditions the ot pie aeid-Ternienting or-
ganisins prodiee the carbingd i relatively faree amennts: in
one ease factie aeid was used to cive alwont ihe P found iua
vipened butter culture. A solution or accivimethylearhinol was
then added wwd various gases hubbliod throneh different por-
tions of the mulk.  After 45 to 72 hours at 21 () determina-
tions of acetyInethylenrbino! plus diaeeryland of dineety] were
made. Table 1 presents representative dats. '

In each trial the quantities of acetviteethylearhinol plus
dizeety] found in the varions portions of ik wepe essentially
the same. When commercial or pavialiv purttied acetvimethyls
carbinol was added to the mitk, dineetsT was found on distiila-

11

r

tion, hut the quantities in the different portions of milk used
in a trial showed no remilar varintions and hubbline earbon
dioxide, hydrogen. nitrogen or oxyveen throueh the mitk did
not significantly inflnence the amount. With the addition qf
purified aeetylmethylearhinol 1o the milk, appreciable quanti-
ties of diaeety] were not obdained with anv of the vases,

The results show that when am-t.\'hw-:h:\‘lv:u'?:i:mi wiix added
to wilk there was no appreciable formation of dinecty] in 43

e -

[y -

2ih

TABLE 1. EFFECT OF VAT N GASES ON SACETYLMETHYLCARBINOL
IN ACIDIVIED, SPERILE SKIMMILK.

carbingl wnd arid added 4 srerile

= nnd eontainers sen

Arctyimethy?

tothroeugh
different poriic =

T 4N or

e S = »]-— B =
i B Cusg
ame Acid s at Hours hubbled
used used . once held  through
: i : ! K
Commercial  0.157¢ witrie 5§ ) :
L2070 sulfurie X Cig

¢ H Tt

Commercial J1s0 L3
tL80% sulfurie . Cin

ifa
- \ H ™
Partially
purified
Purified none

i (s
: H:
N
. ! (3
Purified 45 . none
i COe
: il
N
[§H none
Purified 5 none o acne
i O : none
i H- : none
i : N o none
0 rione
Purified 070 T 4.4 T2 none ne e
: ¢ - : COs none
i s none
: ! nope
i ! none
: !

*sme =acetyImes hylearhinol.
acr =dincery],

to 72 hours at an acidity and a temperature satisfactory for the
rapid produetion of the carbinol when the citrie acid-ferment-
ing streptorocet are present,

Attempts to oxidize acetylmethylearbinol to diacety]l in a
short tiwe were also carried out in water. Acetylmethylcar-
binol was added to sterile water. various gases were hubbled
throueh different portions and the acetylmethylearbinol plus
dincety] and the dizeetyl deterndned after 48 hours at 21° (.
When purified aceivhinethylearbinol was used, diacety]l wes nol
found with eurhon dionide, hydrogen, nitrogen, OXyuwen, or in
the controls, ' '

e
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carhinol to dizeetyl must ocenr in the butter culture or iy gy,
e, N

Tlhie conspicuous odor that is often noted in COmCreiy)
preparations ol acetyhacthylearhinol Is comnonly vegavded s
e todineetyd Torned throueh an oxidation ol the carhii
Pricectvi can be deteeted readily i sueh preparations by 11,
ssaal anadyticat procedaress The tormation ol dineety] iy Prop,
arations ol aectybmethylearbinol without the action of Orony,
esisoas ot neeessarilv at varianee with the idea that OVEg) g
are vequired Tor siehanoxidation inoa hutter culture, 1y,
oxyeen ol the abyomay be more effective in oxidizing geepy
wethylearbinol i o concentrated Torme especially in e ol
senee ol the complex compounds Toursd i ol Hlowevep,
diftiealt to understand how extensive oxidation could oeey,
with the Hmited oxyeen supphy availible i sone of the e,
tainers sed for preparations o aecivhnethyviearbinol, A 4,
arravuenient of two motecules of the carbinot sooax 1o yicp
oe anoleente o dineety] and one of 22-huivlene wlveol iy o).
otier possible sotree of diacetyl, Tt shoald he voted wlso g
sonre preparations of puriied acetvhnethyviearbinol remain fre
tram the odor of diaceryl for extended pericds of tine Ve
withe an abandant air supply,
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- MARSCHALL DIVISION

~ MILES  ILES LABORATORIES, INC.

- October 16, 1973 ' P.O. BOX 592, MADISON, WISCONSIN 53701

- 257-9246
Dr. Humphrey Sassoon (608) 2579
Tracor Jitco, Inc.

1300 East Guide Drive

Rockville, Maryland 20851

v..m-‘»J

e

Dear Dr. Bassooan:

.|

Your letter of September 19, 1973 regarding starter distillates has been
sent to my attention as the preparation of these products take place at ithe
Madison Operations.

P oo 2o

You are correct in the evaluation of the material as a steam distillate fronm
the various organisms you have identified.

Also a product simply termed "starter flavor" is developed which may be

made entirely from a blend of chemical compounds or in conjfunction with =
pure starter distillate and then standardized to exact diacetyl levels.
Generally the amount of material used in flavoring food products is such as

to give a level of not more than 2 to i PP diacetyl in the finished oproduct.

We are not a basic manufacturer of diacetyl and therefore cannot supply you
with data about this product.

We will be pleased to supply you with any additional information needed.

Very truly yours,

[Re—

MARSCHALL DIVISION
MILES LABORATORIES, INC.

). s el
LAl LYy T it (e

/

1

V.W. Christensen
Manager, Madison Overations

VWC/lat
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Inactivation of Influenza Viruses by

a~Dicarbenyl Compounds*

H. Mlcke and M. SprBssig
(From the Institute for Medical Microbiology
of the Erfurt Medical Academy-
Director: Prof. Dr. M. SprYssig)

The chemotherapy of virus infections is still in its very early stages
of application. A certain measure of success in man has been achieved sofar
only in the prevention of smallpox in contacts with N-methylisatin-g-thio-
semicarbazone, in the treatment of certain eye diseases caused by viruses
with iododesoxyuridine, and in a still disputed manner during the treatment
of flu (influenza) with ABOB biguanide and amantadin.

In order to make a contribution to the very difficult problem of a
chemotherapy of virus infections, it is therefore necessary to carry out
further experiments on a broad basis, and finally also in order to obtain
a progressive insight into the principles and mode of action of such treat-
ment,

In this article. tests on influenza viruses with a certain group of
compounds will be reported, which, at least from a theoretical standpoint.
are of great interest.

American authors reported in 1957 that glyoxals, i.e. definite and very
reactive chemical compounds, were able to inhibit the multiplication of influ-
enza and Newcastle disease viruses in embryo-containing eggs. Later, these
compounds were also found to possess virusidal, i.e. virps~inactivating,

properties. This action is only very seldom found in other classes of virus-
active substances, and for this reason a direct reaction of glyoxals with a

virus was assumed,

%

Report presented at the Symposium on Disinfectants and Antiseptic Products
on 24-25 September 1965 in Greifswald.
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In order to confirm this assumption of a direct action on the wvirus,
Staehelin (1959) investigated in a consequential (consistent) way the
reaction of glyoxals with nucleotides, which constitute the monomeric
cleavage products of nucleic acids, since it is known that the infectiosity
of a virus is connected with the virus nucleic acid. Spectrophotometric
studies of this reaction by Staehelin made it very probable that glyoxals
react specifically with the guanine bases of ribonucleic acid under for-
mation of stable five-ring structures, as shown schematically in formula
group I.

Studies carried out later with a radioactively~labeled glyoxal also

supported the inactivation reaction with guanine described here,

H H

| Ve ‘ /
C-0 HN HO—-C —=N

i + l — |
C=0 H N—C HO--C  C

' 2N SN
R R H

Formula group I

It should be noted in this connection that guainine is one of the four
possible bases which, along with adenine, cytosine and uracil, is bound to
ribose in ribonucleic acid,

At the beginning of our studies on the inactivation of influenza viruses,
we tested some typical glyoxal compounds and compared their action with the
structurally related glycerol aldehyde, an a-hydroxy aldehyde, and tﬁe also
structurally very closely related simplest o-diketone, diacetyl (see Formula

group II).
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R
E
H--C==0 H-—C:==0 C-:0
i ! ;
| l o
C==0 H -~ C--OH c-0
4 i
i ! |
R R R
glyoxal derivative o~ hydroxyaldehyde o-Diketone

Formula group II

For the purpose of virus inactivation, 0.9 ml of a solution of the
substance, containing 1 mg (if possible in Hanks' solution), was added to
0.1 ml of virus-containing allantoic fluid. After different times of reaction
of the test substances with the virus at room temperature, the material was
diluted to a 1073 - 10~9 concentration. Then, ll-day old incubated eggs
were inoculated with 0.25 ml of these diluted solutions, whereby 6 eggs were
used for each dilution stage. As control tests with exembryonated (embryo-
free ?) eggs showed, a concentration range was used in this case, which excluded
any possible aftereffect on the virus or damage to the host cell. The deter-
mination of IDsg was done according to Reed and Muench.

Results of these first comparison studies are shown in Fig. 1, where-
by we shall not consider at first the two upper curves shown in this figure,
The time periods during which the substances act on the virus, at room tempera-
ture and a concentration of 1000 microgram/ml, are plotted along the abscissa,

The reamining active virus residue is plotted along the ordinate axis
of Fig. 1, and we can see from the course of the inactivation curves obtained
that the time drop of the ID50 is quite different for the individual sub-
stances tested. Phenylglyoxal hydrate was the most active product here, since
already after 15 minutes the remaining active virus residue had shrunk to

1 millionth of the original amount. A progressively lower (weaker) activity



( \ was exhibited by 4-biphenyl glyoxal bisulfite and glyoxal bisulfite, which

is understandable in the light of the inactivation reaction described above.

Ko

In the bisulfite compounds, the reactive aldehyde group is namely occupied

by NaHS03 amd thus protected from oxidation and polymerization; this fact,

however, should have a negative effect on the velocity (rate) of the addition

B |

k4

reaction to guanine. In addition, we must keep in mind the fact that in both

|

these products the NaHSO,, which is inactive by itself, is present in bound

form., This reduces the concentration of the actually active substance,

-
,E since 1000 micrograms/ml always acted upon the virus.
? Of particular interest to us was the relatively good action (effect),
= with a good cell tolerance, of the 1,2-diketone, diacetyl, indicated in
{? Fig. 1 by a dot-dash line, since o-diketones were used by us for the first
) time in such studies. 1In contrast, the 1,3-diketone, acetylacetone, was
N
{T ’ almost inactive. This shows that a neighboring position of the two carbonyl
- groups is necessary for virus inactivation, since the two carbonyl groups
3 in acetylacetone are separated by a methylene bridge. Glycerol aldehyde,
™

as an o~hydroxyaldehyde, is essentially similar in its action to diacetyl,

[

The poor action (effect) exhibited by polymeric glyoxal can be explained by

.

the saturation of the active aldehyde groups in the polymer molecule.
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Before we discuss the iﬂ_gﬁ&ﬁé_testing of further g-diketones, allow
me to make a few incidental remarks. As we began to expand our studies to
cover a larger number of ardikefones, we were hoping from the very start
to find products here which would be effective not only iﬁ_vitrb; but with
some therapeutic success could perhaps be achieved in animal tests. The
glyoxals which were highly active in vitro unfortunately were found to be
noneffective EE;YEXEJ with the exception of some biphenylglyoxals, a group
of products on which extensive work had been carried out by Italian researchers
associated with Magrassi and Cavallini. The inactivity of glyoxals in animal
tests is perhaps due to a large extent to the high chemical reactivity and
instability of these compounds, i.e. their easy oxidizability and addition
capabilitj. In the tests performed by us, the considerably more stable
d-diketones exhibited, according to our concepts, although not a general,
but still a slight and reporducible mzasure of therapeutic success with indi-
vidual compounds on mice infected with influenza virus. Among other things,
animal tests have the great advantage, as compared to igéyiigg.testing, in
thaf insoluble compounds can also be tested,

On the basis of the results showing that diacetyl is active against
viruses, further available o~diketones which are soluble or can be made sol-
uble were investigated by ué in in-vitro tests., Some results of these tests
are shown in Fig. 2, For comparison, phenylglyoxal hydrate, the compound
which had the greatest activity in Fig. 1, is shown again in Fig. 2 by means
of a broken line. It was also found here that the degrece of activity depends
on the structure. Cyclohexane hexone and 1,2-naphthoquinone (also known

as f-naphthoquinone) were found to be very active, and their activity was
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even greater than that of phenylglyoxal hydrate. Whereas cyclohexane hex-
one is relatively easily soluble in water, has practically no effect on
cellular respiration in the Warburg test and is well tolerated in animal
tests even at high dosages, 1,2-naphthoquinone was found to have a consid-
erable cytotoxicity in the Warburg and animal tests, and, in addition, had
to be dissolved in 30% methanol to act upon the virus, in view of its low
water solubility. Control studies showed that 30% methanol alone is prac-
tically inactive under the same test conditons. Conversion of 1,2-naphtho-
quinone into a water-soluble form by introduction of a sulfonic acid group
resulted in an almost complete loss of activity. Animal testing of this
compound, which has become well-tolerated as a result of sulfonation, has

not yet been carried out.

iog IDge/ml

bkhene VLT h

'/5« /VA/J/;~?%¢7W}",,@.

S § 1

/
TN
A\Sihveud

WECTIVSLRICLE
:pANIO*

-
0.

"
woraysordudr A3 s

e e o

CJ(‘/Joztxmre /’—

./)‘?X oue.

|
-

l7 75 15, 0 60 ';; ain

Figure 2

The two «~-diketones, acenaphthene quinone and phenanthrene quinone,

have a very low water solubility and cannot be tested in this form. 1In both
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m{,—\\ cases, however, it is possible to prepare the readily water-soluble bisul-

p~ fite compounds. As can be seen from the curve trajectory of acenaphthene

quinone bisulfite, this compound exhibits a considerable activity. The

phenanthrene quinone bisulfite compound apparently has a similar behavior;

however, an exact (accurate) testing of this compound is not possible because

p

vf it breaks down very rapidly into its components in aqueous solution, where-
p by a precipitate of insoluble phenanthrene quinone is obtained.

: In animal testing, the low solubility is no obstacle, and we were able
=

to achieve the best therapeutic success sofar with acenaphthene quinone in

ER—

this group of products considered at the present time.

HI. |

The heterocyclic o-diketone, o-pyridil, exhibits a still considerable

activity in vitro, although methanol had to be used as a solvent here. The

f.
[——

heterocyclic compound, furil, has a very low solubility and therefore can-
o7 2N
not be accurately tested in this manner. Sofar, we have been unable to obtain

any noticeable activity in vitro with purely aromaticei-diketones,

-
j Further, cyclohexane hexone and diacetyl proved to be active in tests
7 on virus-infected mice. The corresponding curves of the results obtained
. iﬁ.ﬁiEﬁQ are widely separated in Fig., 2, and one could expect, after an unbiased
? examination of these curves, that cycléhexane hexone would also be superior
% in animal tests. However, this is not the case. Both compounds practically
'} always exhibited the same therapeutic effect. Since animal tests have not
yet been completed, we shall not describe here the details of such tests.

- |

The high in vitro activity of cyclohexane hexone, which is accompanied

by a remarkably good cell tolerance, can be derived from the structural con-
figuration of this compound. Here, the entire hydroaromatic ring is filled
with keto groups, and thus a concentration of active principles is present.

For this reason, we have included this rather curious compound in our studies,

L T S | ,,)Mw - |
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and we found that our expectations, derived from the formula, were con-

firmed.

~ The studies reported here have shown that, in addition to glyoxals,

O-diketones, which have not yet been investigated in this connection, can
[1 also inactivate influenza viruses. In addition, <-diketones, as a rule,

are much more stable and better tolerated by cells, with some members of

3

this group, certain therapeutic effects can be achieved on virus-infected

e mice. In addition, some of these compounds can also be of interest in the
‘ practical application as virus-inactivating agents, for example, in the
- . .
| preparation of vaccines.
8 Discussion
"'/“\
Mr, Profft: I find the results reported here very interesting. What
- is the behavior of glycerol aldehyde, which is known to be active against
mouse ascites? I would also like to suggest that flucvenone be included
™ in such studies, since fluorenone derivatives are known to possess, in
' part, a good pharmacological action.
- .
Answer: Glycerol aldehyde, which has assumed interest recently as a
p~ result of tests on the so-called multiple~-step chemotherapy of cancer, shows,
o as was already reported, about the same activity as diacetyl in in-vitro tests,

. |

and thus has a quite good virus-inactivating action. Unfortunately, in mouse

tests carried out by us sofar, no signs showing that this compound can affect

the course of an influenza virus infection have been found.

Mr. Mach: 1In your opinion, do the tested compounds act only on the
| ,
{;(—s\ guanine of the virus nucleic acids or, during virus replication, on the nuc-

{? : leic acid metabolism of the host cell?
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Answer: The action of these compounds appears to be primarily directed
at the virus nucleié acid, since we found that some highly active compounds
have practically no effect, or only a slight effect, on the cellular res-
piration of tﬁe host cells.

Mr. HYussler: Sugar osones, as easily available aliphatic diketones,

should be included in the testing.

Mr. Menzel: Starting from the fact that the virus inhibiting (viru-
cidal) effect in vivo is clearly affected by the time relations between
infection and the start of therapy, I would like to ask when was therapy
started?

Mr, Mlcke: The best course is a prophylactic or simultaneous (con-
current) administration. It is still possible to start therapy 3-4 hours

after the infection.

Received for publication
on 3 August 1966
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Aus dem Institut for Medizinische .\Iikrol»iolugic der Medizinischen

Akademie Erfurg

(Direktor: Prof, Dr, M, Sprocig)

Uber die Inaktivierung von Influenzaviren

durch a-Dic:lrbony]\'crl)iudnngen')
yom

H. Miicke und M. Sprﬁﬂig

Mit 2 Abbildungen

(Eingegangen am 3. August 1966)

Dic Chemotherapie der Virusinfektionen steckt noe

Gewisse Erfolge beim Menschen sind bisher nur b
taktpersonen mit dem N-Me
stimmter virushedingter
umstritten bei der Gri
crzielt worden,

Um zur Lésung des sehr schwierigen P apie der Virusinfek.
tionen beizutragen, ist es deshalb weiterhin nétie, auf breiter Basis Versuche anzu-
stellen, nieht zuletzt auch darum, um nach und nach in dje \\'irknngsprinzipicn und
-mechanismen einzudringen,

Naehfolgend soll iiber Versuche

h in den allerersten Anfingen.

ei der Pockenprophylaxe von Kon-
thylisutin»ﬂ-thiosmnicnrbazon, bei der Behandlung be-

Augc-nerkrankung(-n mit Joddesoxyuridin und noc

h etwas
ppebehandlung mit dem Biguanid ABOB und mit Am

antadin

roblems ciner Chemother

an Influenzaviren mit ejner bestimmten Stoffgruppe
berichtet werden, die, zumindest vom theoretischen Standpunkt aus betrachtet, sehr
inferessant ist.

Amerikanische Autoren konnten 19
sehr reaktionsfihigze chemische Verbindungen, die Vermebrung von
vamxtlo-I)ismsc-\’iron in embryonierten iern inhibicren kénnen,
d.h. virusinaktivierende Eigensehaften wurden spiiter festge
bei anderen virusaktiven Substanzklassen nur sehr
deshalb cine direkte Reak

57 berichten, daB Glyoxale, das sind bestimmte,

Influenza- und
Auch viruzide,
stellt. Diese Wirkung wird

selten gefunden, und man nahm
tion der Glyoxale mit dem Virus an.

Um dicse Annahme der direkten MWirkung auf das Viros zu erhirten, untersuchte
Stachelin (1959) konsequenterweise dje Reaktion von Glyoxalen mit Nukleotiden,
dic ja die monomeren Spaltstiicke der Nukleinsiuren darstellen, denn bekanntlich
ist die Infektiositat des Virus an die Virusnukleinsinre gebunden. bie spektrophoto.
metrischen Untersuchungen dieser Reaktion durch Stae helin machten es sehr wahr.
scheinlich, dafl die Glyoxale spezifisch mit den Guaninbasen der Ribonukleins
unter Aushildung von stabilen Fiinfringstrukturen reagicren, wie dies mit I
gruppe I schematisclh angedeutet ist,

————————

dure
ormel.

Y} Vortrag, gehalten auf dem Symposium gher Desinfektionsmittel und Antiseptika am 24, und
25, September 1963 in Greifswald,

T e T e e e o e e
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Spiter vorgenommene Untersuchungen mit cinem radioaktiv markic
sprachen ebenfalls fiir diese hier skizzierte Inaktivierungsre

H H
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Formelgruppe 1

/‘"z', CELAE [C? "/""’W i

J
In diesem Zusammenhang ist 2u bemerken, daBl Guanin eine der 4 mdglichen Basen
ist, die ncben Adenin, Zytosin und CUrazil in der Ribonukleinsiure an die Ribose ge-
bunden sind. :

Zu Beginn unscrer Untersuchungen der Inaktiviernng von Influenzaviren priiften
wir cinige typische Glyoxalverbindungen und verglichen die Wirkung mit dem struk.
turcll verwandten Glyzerinaldehyd, einem a-Oxyaldehyd, und dem ebenfalls strukturell
schr nahestehenden ecinfachsten w-Diketon Diazetyl (s. Formeigruppe IT).

R
{
H-C=0 H—C-=0 C=0
| |
(l};z H--C-QH =0
| | |
R R R
. Glyoxalderivat a-Oxyaldehyd a-Diketon.,
Formelgruppe II ;7 o7l

I;wt"l’lhi, < [c"» .“/"«.‘ L79 ‘_lj_/
lé

Zum Zwecke der Virusinaktivierung wurden zu 0,1 ml virushaltiger Alantois.
fliissizkeit 0,9 ml der Substanziosung hinzugefitet, die 1 myg, nach Moglichkeit in
Hanksscher Lésung, enthielt. Nach unterschiedlichen Zeiteinwirkungen der Test-
substanzen bei Zimmertemperatur auf das Virus wurde das Material auf 10-3 bis 10-?
verdiinnt. Dann wurden 11 Tage alte Bruteier mit 0.25 m] djoser Verdiinnungen be-
impft, wobei 6 Eier fiir jede Verdiinnungsstufe benutzt wurden, Wie Kontrollversuche
in exembryonierten Eiern zeigten, kam dabei ein Konzentrationsbereich zur Anwen-
dung, der eine Nachwirkung auf das Virus oder eine Schidigung der Wirtzelle aus.
schlof. Die Bestimmung der TD;, erfolgte nach Reed und Muench,

Die Abbildung 1 zeigt die Ergebnisse dieser ersten vergleichenden Untersuchungen,
wobel wir die beiden oberen Kurven zundchst nicht betrachten wollen. Auf der
Abszisse sind die Einwirkungszeiten der Substanzen bei Zimmertemperatur und einer
Konzentration von 1000 v/ml auf das Virus eingetragen.

Auf der Ordinate ist der verbleibende aktive Virusrest aufgetragen, und wir schen
aus dem Verlauf der erhaltenden Inaktivierungskurven, daB die zeitliche Abnahme
der IDy, bei den eingelnen Substanzen sehr unterschiedlich ist, Das Phenylglyoxal-
hydrat zeigte sich hier am aktivsten, denn schon nach 15 Minuten war der verblei-
bende aktive Virusrest auf 1 Millionstel der urspriinglichen Menge zusammenge-
schrumpft. Abgestuft schwicher wirksam waren 4-Biphenylglyoxalbisalfit und Gly-
oxalbisnlfit, was im Lichte der eingangs erliuterten Inaktivierungsreaktion verstind-
lich erscheint. In den Bisulfitverbindungen ist nimlich die reaktionsfihige Aldehyd-
grappe durch NalISO, belegt und darmit vor Oxydation und Polymerisation [l
schittzt, was aber die Gesehwindigkeit der Additionsreaktion an das Guanin negativ
becintrichtigen diirfte. Aulerdem muB hier beriicksichtigt werden, daB in diesen bei-

rten Glyoxal
aktion mit dem Guanin,

A |

Lo

TInaktivierung von Influenzaviren durch «-Dikarbonyl 309
den Substanzen das selbst unwirksame NalS0,
dic Konzentration an eigentlich wirks
das Virus einwirkten.

Besonders interessant war fiir uns die in Abbildung 1
relativ gute Wirkung des 1.2-Diketons Diazetyl bei guter Zellvertriglichkeit, da wir
die x-Diketone erstmalig in solche Untersuchungen einbezogen. Tm Gegensatz dazg
ist das 1.3-Diketon Azetylazeton nahezu unwirksam. Dies zeigt, daB zur Virusinakti-
vierung die Nachbarstellung der beiden Karbonylgruppen notwendig ist, denn im
Azetylazeton sind dic beiden Karbonyleruppen durch eine Methylenbriicke getrenns,
Der Glyzerinaldehyd als z-Oxaldehyd verhilt sich in sciner Wirkung im wesentlichen
ahnlich wie das Diazetyl. Die schlochte Wirkung des polymeren Glyoxaly erklart sich
aus der Absdttizung der aktiven Aldehydgruppen in der polymeren Molekel.

gebunden enthalten ist. Dies setzt
amer Substanz herab, da immer 1000 v/ml auf

strichpunktiert cingezeichnete

log IDyy/mi
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Abb. 1. RO Y

Bevor wir zur In-vitro-Austcshmg von weiteren z-Diketonen kommen, gestatten Sie
mir einige Z\vischonhcmcrkungcn. Als wir unsere Untersuchungen auf eine groficre
Anzahl von a-Diketonen auszudelmen begannen, hatten wir yon Anfang an dic Hoff-
nung, hier auch Stoffe aufzufinden, die nicht nur in vitro wirksam sind, sondern da
man mit ihnen vielleieht anch im Ticrversuch therapeatische Erfolge erzielen kénne,
Dic in vitro hochwirksamen Glyoxale erwiesen sich namlich leider in vivo als wirkungs-
lox mit Ausnahme ciniger Biphenylglyoxale, ciner Stoffgruppe, die von den italieni-
sehen Forschern um Magrassi und Cavallini intensiy hearbeitet wird. Zue Wir.
kungslosickeit der Glyoxale im Ticrversach trigt vielleicht die hobe chemisehe Reak-
tiUnsf:‘ihigk(\it bzw. Labilitat, d.h. die leichte Oxydierbarkeit und .‘.nl:tgw'un;;ﬂfa'ihig-
keit, erheblich bei, Die wesentlich stabileren a-Diketone zeigten in der Tat im Sinne
taserer Vorstellungen hei den vorzenammenen Versuchen zwar nicht senerell, aber
bei einzelnen Substanzen an influenzaviresinfizierten Mausen reproduzicebare lejchte
therapeutische Yrfolge. Die Ticrversuche haben gepentber der In-\'i(r<>-Antc>;h)n;,; u.a,

den grofen Vorteil, dafl man auch die unlislichon Substanzen auspriifen kann.

7

Liel
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) : . . .. e -
txn‘?l:?;“:lc:ﬁl(;:flg\c]]::]}ir ‘zlf)('ll":‘“{()g’:?hD?‘:’:‘;{.‘;zh\;;lszll;f;;Ji\sgg(::‘l;ttllrrslufhtcx: wiz;/vwc‘itcre Fiir die I-’r\"xfung im Tierversuch ist d.ic S.cln\'crli}sli(-hk(‘it kein Him}ornis, und wir
I oo sincl i dor. Abbildung 2 anfeotragen. Zum Vergle: '}r:-.\‘i lio- Ig:}r:,uch. kfmntcn mit dem Accniﬂphthon‘chmor? in dm‘scr heute betrachteten Stoffgruppe die
g]yo;alh\‘:imt noch einmal w‘stri(-hvlt%in(r(-yﬁi@;;c :o;xo Quby'tch ¢ '1‘;’ a 33} ’0"):1- hisher besten thcr.apmmsr:h'vn Ergebnisse -Crzl?lcn'. ] ) ' .
dung 1 dic starkste Wirkung hatte. Es 70i§t‘c' s‘ic}; 'm’ci\,hi/o; 1:13( Y}]7’ ;;;e 2{3('(11 Abl:}l. ]'):xs .Iletcr()zyk])&c])(‘..ct-leci()lbz-P_yl‘ltEl] zeigt in vitro einc noch beachtliche Wir-
kun; <tralturabhinaie ist.cx\ls sc)-n aktx\j cyr'\\'i‘vsc;n eh d‘,w(-'/ -ilxe} S .:u hc 'cr Wir. kung, jcdoch m}xmc hicr'.\l‘vtlmnol als LoﬁtnnwsvcrnnttI<~r benutzt wo'rdcn. vI)_;xs c\?vn-
das l.Q-Xﬂ1)11(]\l)(‘}!i}‘:\:(:lu('h £-Naphthochinon "o'n-nn;t.) di(: \(l;;\t(;)xultin: Cl\(;n und - falls thCl'OZQ'I;IlS(:hC ..l* un.l ist schr .f(‘]i\\'or luslz:rh und deshalb auf fhc.sc \? cise x‘ncht
hydrat fibertrafen. Wahvend das Zﬁ)‘k](ﬁ‘*("(d!ihOi()n\t \'orh?jl*z;i.uxlaiihﬁi;rh: u'n.\. »g:\,_o‘x?l.; v,_\'z.lktr ausprifbar. Mit rein aromatischen «-Diketonen konnten wir in vitro bisher
. o . o me : tnismiflig gut wasserloslich keine bemerkenswerten Wirkungen erzielen. .
;sti die Zedatmung im W m'bur'gv«.‘rsuch.k:m‘m beeinfluBt und im Tierversuch auch in' Bei Versuchen an \'irusinﬁxiu;'tcn Miusen zeigten sich weiterhin Zyklohexanhexon
\::4;C?mD('Fii";\'::’"rl:u:-l(;l t.':iq.s;;(‘l:*t‘:;’{lz‘llxyt 1::;1\(:}1!;]0(\}:\?{:; L"g]‘i‘é}:}'\’tllt;;'lli!;r)r[; 11:; \\':1.1'}){11:'1.1- und Diazetyl als wirksam. Die <“mﬁpu'("hvm’.c_n Kurven der in \'itrro crziclten Ergeb-
cehlochter Wasserlostichkeit in 30 %eicem \1A('1A1,)'uml‘ tr(‘l'('j»;t ;m( ](; : u LK em infolge mssn]x?%cn hicrin dorAbblhlungZc.\itn‘m auseinander, und bf'l unl‘xm:uu__'vnmn"l}vtm(‘h-
= ‘ ) SLIost Zinwirkung auf das|  ten miifite man erwarten, dall das Zyklohexanhexon auch im Tierversuch iiberlegen
’ g cein wird. Dies ist nicht der Fall. Beide Substanzen ergaben praktisch immer den glei-
log IDso/mb chen therapeutischen Effekt. Da die Tierversushe noch nickt abgeschilossen sind, ver-
sichten wir hier auf die Wicdergabe der Einzelheiten des Versuchsablaufes,
. Dic hohe Tn-vitro-Aktivitit des Zyklohexanhexoens, die bei auffaliend guter Zell
. : vertriglichkeit erfolgt, kann man sich aus dem strukturellon Autbau ableiten. JYer
ist der ganze hydroaromatische Ring mit Ketongruppen besetzt, e liegt also cine
Anhiufung von wirksamen Prinzipicn vor. Aus diesem Grunde haben wir diese etwas
Luriose Substanz in unsere Untersuchungen einbezogen und fanden unsere Erwartun-
zen, die wir aus der Formel ableiteten, bestitigt.

Die hier vorgetragenen Untersuchungen haben gezeigt, dald anber Glyoxalen auch
die dieshezitglich bisher noch nicht untersuchten %-Diketone Influenzaviren inaktivie-
ron konnen. Die a-Diketone sind anBerdem in der Regel viel bestandiger und zellver-
triglicher, und es lassen sich mit cinigen Vertretern dieser Grnppe bet influenzavirus-
infizierten Miusen gewisse therapeutische Effckte erziclen. Dariiber binaus konnten
einige dieser Substanzen auch zur praktischen Anwendung als virusinaktivierende
Agenzien von Interesse sein, z. B. zur Vakzincherstellung.

Verfasser: Dr. Horst Micke uml Prof, Dr, Martin Spré 8ig, 50 Erfurt, Nordhiuser StraBe 74,

ST Zur Diskussion sprachen:
50 Herr Profft:
Abb, 2, f’ ;- 1ch finde die vorgetragenen Ergebnisse sehr interessant. Wie sicht es mit Glyzerinaldehyd bei
: ~iner bekannten Wirkung gegen Miuseaszites aus?
Virus ebracht werden muBte. Kontrolluntersuchungen zeig U ](31'1 n.ﬁ'n:h(e noch anregen, das ll"luun-non einzubezichen, da Fluorenonabkimmlinge Lekanntlich
ge : ¢. Kon Huntersuchungen zeigten, daB 30 %iges Metha- zum Teil gute pharnakologische W irkung haben.
n:)l aHf'm unter den cleichen Versuchshedingungen praktisch ohne Wirkung ist. Die Antwort:
[.;h(\rfuhrmlg des 1.2-Naphthochinons in die wasserlosliche’ Form durch Einfithrung ’ Der m der letzten Zeit durch die Versuche zur sogenannten Mehrsehritt-Chemotherapie des
einer Splfosiuregruppe filhrte zum fast vollstiindizen Verlust der Wirksamkeit. Krebses interessant gewordene Clyzerinaldehyd zeiute, “vie bereits dargelegt, im In-vitro-Versuch
Die Auspriffung dieser nun durch die Sulfonierung vertriiglicher gewordenen Sub- ctwa die Wirkung des Diazetyls, also cine recht gute virnsinaktivierende Wirkung. Leider ergaben
stanz im Tierversuch steht noch bevor, vich bei den bishes von uns vorgenommenen Miuseversuchen keine Anzeichen einer Beeinflussung des
Die beiden x-Diketone Acenaphthenchinon und Phenanthrenchinon sind sehr Verlaufs der Tnfluenzavirusinfektion durch diesen Stoff.
s("hwor Iil\:lir'h und in dieser Form nicht auspritfbar. In dicsen beiden Fillen ist o8 Herr Mach:
abe Seeliet Peer cvceeriteliohon i B T | T I . * "
;‘{’l‘“r\':‘h\'a‘hl(;':;;]’(Lhi‘t‘\‘zl"‘;:(}I"“t’;l‘(*;.1(‘;l’;nf;l‘;l‘)‘]]let(;l(t!\b;i:;"\lg;’.;’("l!)‘h)*‘(‘ll/\l:»f(;‘];(r{“\\l\l:r;l(':lﬁvtlz;‘](‘ '\\'id.{«“n Ihrer Meinunyg 11:}«!\ die g(y-.prilftcn S\lh.‘if:’\!}l{‘l.l nur auf das Guanin lh-r'\_'irnsn‘ukk-insiinn-n
L v T N X . e . = + ’ FRUDZ st oder withrend der Replikation des Virus auf den Nulleinsiurestoffwechsel der W irtszelie? ——
pvu.u-n.‘\n('h. Die Phenanthrenchinonbisulfitverbindung verhilt sich offenbar dhnlich, \nbworts
]L‘(IO(?’). st h“‘r‘.pm.o exakte Ausprifung deshalb nicht méylich, da die Bisulfitverbin- ' xlt)‘;ec\\:irkmm dieser Substanzen dirfte vorwiegend auf die Virasnukleinsiure gerichtet sein, denn UJ
dung in der willrizen Losung schr raseh in die Komponenten zerfallt, wohel es zuf wir fanden bei einizen hochaktiven Stoffen I.m]:iisch Leine oder nur eine schr geringfigige Beeine m%‘%
Ausfilllung des unlislichen Phenanthrenchinons kommt. Tussung def Z«Ha{;mng der Wirtszellen. o ~
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Herr Hiussler:

Als Yeicht zugiingliche aliphatische Diketone soliten Zuckerosone in die Priifung cinhezogen werden,
Herr Menzel:

Ausgehend von der Tatsache, daB der Virushemmeffekt in vive von den zeitlichen Verhiiltnissen
zwischen Infekiion und Therapicbeginn deutlich becinfiuBt wird, michte ich die Frage stellen, wann
mit der Therapie begonnen wurde?

Herr Miicke:

Optimal ist die prophylaktische oder gleichzeitige Cabe. Der Therapiebeginn ist 3-4 Stunden
nach der Infektion noch maglich.
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STUDY OF THE ANTIBACTERTAL PROPERTIES OF
ASCORBIC ACID AND REDUCTOGENLC COMPOUNDS!
QUENTIN N. MYRVIIC axp WESLEY A VOLIX

Charlotlesville, Virginia

Received for publication May 21, 1854

ul
! ,
™ Ascorbie acid has au antibacterial effect
“against lubercle bacilli (Boissevain and Spillane,
- 1037; Leitner, 1937; Sirsi, 1952) and many other
13 microorganisms (von Grgyi, 1936; Grootlen and
- Bezssonoff, 1935; Lwolf and Morel, 104245
Ehrismasnn, 1542). The mechanism of netion and
™ the chemical group reaponsible for the bacterinl
o inhibition are not known.
T Bucterieidul cifeet due to a lowering of the pil

has been suggested by von Cugyi (1430) and
Thrizmann (1942); however, Slade and Knox
(1650) have found ascorbic acid to be bie-
teriostatic for a group A hemolytic streptococcus
cven thouph the pH was Tear peutrality. Fhris-
mann (1942) found that s gnerabes were generally
! ctimulated by escorbic aeid, wherens strict aec
obes were geacrally sphibited, suggosting that in
the lattee juhibition was dus to a reduction in
the O/R powentisl of the medinn, Lol and
Morel (194%0) found that inlibition of Preleus

vulgaris by ascorbic aeid was counterncted by the

-] presence of redacing sgents and by substances
which ecatalyzed the Licakdown of hydeogen per-
-t oxide. Similar results were obtained with Kecher-
ichia coli and Bacillus sublilss. "Phey concludod

Hs thet the snhibition wes due to hvdrogen peroxide
! formad during the anlo-oxidation of ascorbie acid,
T Myrvik et al. (1651) reported that some aule-
oxidized derivatlive of cscorbic neid was nuost

'T likely the active principle apainst mycobacteria,
1 1'he addition of cotalzse in {1 foria of rabbit red

Llood ecll Iyeates failed to infiuzace the imhibiiion.

3 £

he classieal b
gueh &5 ., 3-dikctogulonie acid,
furfural,

i
National Tuberculosia Associstion, throagh its
Mediesl Section, the American Trudean Hoclety,

and by arescarch pernt, G-3501, from the
Tnstitutes of Heclth, Public ileulth Service.

oH

Trurthermore, they weie wuable to assceiate any
sppoeciable tubereulostatie sctivity with any of
Qowa products of ascorbic aeid
cxulic aeld,
and threonie acid, The active principle
was heat-stable, waler solublz, and sparisgly

1 Aided by o medieal research grant from the

Mational

goluble in 95 per cent alcohol but was ingoluble
in occtone, ether, potroleum cther, benzene,
carbon tetrachloride, and chloroform.

The precent investigaticn was an altempt to
detennine the chemicel group responsible for the
antibacterial propertics of ascorbie reid solutions,
Bvidenee is presented which indicates that these
inlibitory propertics reeide in the  oxidized
encdiol (diketone) group.

MATERIALS AND METHODS

Microorganisins used aad source. BCG strain
of Mycclactuiva tuberenloots var. boots and M.
phleir Do RS, Weiser, Department of Micro-
biolegy, University of Washington, School of
Medicine, Scatile, Washington. uvenel strain
of A, tuberculosis var. Bocis and TI87Rv strain of
I, tuberculosis var. hominis: Mr. V. Bteenken,
Jr., ‘Trudeau Taborstory, Trudesu, New York,
Bacherichkia coli and Pocuduinionas sp.: Culture
collection, Department of Miciobiology, Uni-
versity of Vieginia, School of Medicine, Char-

lotteaviile, Virginia.

The snyeobacieria were muintained at 37 C
on Youmens' wodification (1946) of Proskauer
gnd Deck’s broth. Tageuln were prepacd by
portion of the surfuce growih in a
atorile mortar and diluting with sterile soliue,
The other microorpanisad Wero maintzined at
37 () in nutrient broth (Difco).

Antibacterial tests. The antibacterial tosts were
condusted using Yourmzons’ (1546) modification
of Preslaner and Deels medium containing §
fitered bovine serum. The com-
pounds to be tc od were divsolved in distilled
vater, adjasted to pik 7.0, storitined hy filt
through a Swinny fdter, and serislly Jdouble
difuted in one ml amouubs of the above medimm,
Tach tube wos inoculnted with one diop of a
b : approximately
16-2 10z of wet weizht stundardized in & Colevaan
nephelometer medel 9. Cultures of the slow
growing mycobacteria were ineubated ot 37 C

prinding &

per cent Heita

erial puapension contniniug
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TADLL 1

cterial spectra of ascarbic acid,

_ Comparalive anlibe
SR

o

: ; \
" QOrpanitm A"Xt{(‘l‘:‘c Inosose \ \ i b

| acct "

_.,-——-»_.A__—__’_’-—-———-—‘-—-v"—_—__———.«ﬂ____—“»-—___«_,.—-,_ _.’—('.}..__.7_

J137Rv strain of }f;/cz)’»artrrium, tubercrlosis. . .. 50 1

BCEG strain of Mucodaclerivin tuberculests. ..o 150

Ravene! strain of Mycobacterivm tuberculosis...! 376

Mucabacterium PRISE e 450

Facherichit €Ol .ooeersormeemes s 5

Pseudomones 8p

TR Sty

P

* ixprensed ad minimal amoun

and observod 7 and 14 days after inoculation,
whereas cultures of AL phlei, B coli and Preudo-
monas ap. WIS incubated at 37 C and chearved
ofter 24 to 43 howrs of incubation, The tube
confaining the least arnount of antibacterial sub-
stance and showing pbeanne of growth by visual
inspection was thie end point.

Papcr chromalegraphy. Yaper chromatography
of reductones was carricd out and doveloped
according tn the procedure of Mapsom and Tar-
tridge (1019) vsing butanol-acetic ncid-KCN.

Short terim growth erperiments. Nutrient broth
(Difco) was dispensed in 5.5 ml amounts in
Colemsn cuveltes covered with slursnum foil
caps. The antibacterial substunees were added
and the volume Lrouzht to 6.0 ml The tubos
were inoculated with 0.1 il of o eulture of II. eolt
which contained npproximately 10-* g weot
weight. N cphf:lomctric readings were made at 30
minute intervals in a Coleman nephelometer
model 9.

RESULTS

The pocnible rols of the enediol group was
studied by comparing the antihacterinl epoetra of
ascorbic acid and various other compeunds rnown
to give rise throngh autooxidation 1o enediol
Qualitative tenta for the

containing cotupounts.
ere performed by

prezence of tha enediol grovp ®
placing amall spota of solutions on filter poper,
sllowing them 19 dry, ond gproying them with
004 2,G—d'x(,hlm‘n[-'zmnu‘zix\doph?no]. It wes
found  thab peylo-innc dihydroxyneatont,
pcetoin, dincetyl, fructors, and xyloce when
allowed to stand at pll 7.0 for goveral doys

forred reductonts? demonstrable with this tesh.

ler and YTnanclquist (1950) have re-
L oon reductents anil

Y by

2 yon bu
viewed much of their 3
have prosruted data which
which pome of thers rednetog

ool tha potls

are fonend.

4 of natibacteriel substance in ¢ /ml neeesenry for completo ink

reductogenic compaunds and alpha dikctones®

ilition.

All the rednetogenic compounds tesind exoeph
fructose and mylese had similar anbibncierial
epectra (table 1). Dinrebyl, which soentding Lo
von Luler and ascclquist (1059 undergess o
Jirmutation reaction resuliing in one molecule of
reductons and two molecules © acotie acid, wes
considernbly more potent than thr otlier 10-
ductogenic compounds ¢ven thongh 1ig anti-
Buetarial spoetrnn WoS cesentinlly idonticsl to tha
less potrnt substances. Tructese end xyloze £2-

afficient «pedutctone”  to

parently formed 7
inhihit L. phiei, E. coli, and Pseudomunas 5. and
are not included in table 1.

The number of Jeductones formed from the
above compounds Was determined by chromato-
graphing one per cent solutions which had beez
adjusied to pH 9, hested under nitrogen for b
minntea at 80 ¢, and adjusted to pil 6. Re-
ductones from dibydroxyaretont, innsose, ace-
toiu, and diacety] were demonstrated and com-
pared with triose reductone,} reductic soid,? and
ascorhic acid. The compatative Rf volues are
presented in table 2. gayeral attempts to chio-
matozraph the reductoncs anising from xylose and
fructoss were unsarecessful, The yezults (teble 2)
male it secm Jikely that the reductone arisieg
trom diliydroxyacctone is triose reductons. The
reductonns atising from ncctoin and  dincolvl
¢ identieal as might be expected from the

starol relationships.
T poszsible antibacterial role of the enadiol
group Wos next studied empleying B por cond
agcorbic acid solutions in 14/50 phesphat? Lurfer
at, pIL 7.0 and eliowing them to avtaonidug
a7 () for infervals vp ta 30 days. Aliquubs wer
removed at intorvals for asmny geaingt the nee
strasn snd for chromatographic demonnirn

ion of

: Ohtained  from Bina Leboratorics, Tre.,
17 Ve €0t rect, New York 23, N. ¥
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TABUT 2
Comparctive Bf values of reductones resuliing from
tie follinzing compounds

141

Fresh ascorkio acid 0.40
Autooridized sscerbic acid® 0.56

0.16
Dikydroxyscctone 0.63
Trioze reductone e 0.03
Acctoin 0.60
Digeetyl 0.90
Redactic acid [{ ]
Tucsoae® 0.57

0.19

* Formed two reductoncs.

A AUTOOX IDI2ED ASCORBIC ACID

e FRESH ASCORBIC ACID
L5 a CONTROL

LOG NEPHLOS UNITS

30 60 90 120 150
MINUTES

Figure 1. The effect of fresh and autooxidized
agecrbic seid on the prov.th of Mscheitdhia coli.
TlLe cencentration of sscurbic acid vias 10 mg/ml
in nutrient Lroth (Difes). Avteesidized sscos bic
acid wey in CuLal"d for o hours st 37 C prior to
inocuh.tz

the caediol group. It was noted that the enediol
conpsund comaponding to ascorbin acid dis-
appeared efter 2-3 wooks, end two additionnl
wiidentiicd enedinl compoundy eppeared.
rodiel compound to eppear persisted Jon:
fter the 30 days’ inculition intorval end in one
instanee was demoustroble for 6 montls. The
solulious ellevid to cutooxidize for 50 duyvs were
stil capalde of inbibiti o the BCG strain at 100
micrepems por mi in Prodlausr and bBoel's
wodium, The persistonce of an uvidentified

.

r:ne\lial deddvative from ascorbio nsid u:m';‘:;;t.rxl
that ths coodiol roup xaizht Le ropc a fur
tha antibocte int exieets. Bines cuediol ecinpounds

£ro oxilined by xacthyicae blue which ncis ge g
medintor for simesploile oxyien, mothvlens
blug was incciporated in the auny nmcdium iy
coveentroion of 1 €0 L5060 Aveobis eaid vy
added Inovarying cracands, end the tebit wer
irgentuted with tirain BCG. e addition of
methylona blue cawsed no change it the in.
hibliory concentration of sreorbic aeid, nrisely,
109 p/ial, even thoeush po reductons could be
dutected in the (abs containing the mout azcorbis
acid, nuinely, 1 wog/ul, veing the suot teet
technique. This way tukea sy evideuce that ng
cicdiol compounds reinained o the zoue whicy
inhibited the grovth of the BCG strain, which iy
twrn supgested that the cnediol proup wes not
responsibla for the antibaeleriad propertics. Thig
idea found further support fn short term growth
experinents that were conducted in the Colenann
nephelometer using &2, coli a8 the fest orranis,
Treshily prepared ascorbie weid in & concontraiion
of 10 1.z per 1l in nutsicat broth fuiled to fubibit
the growtle of B ecli. In continst, when the vame
concentiation of escorbie acid was incubatad at
37 C in vutrieat broth for 56 Louro before inoea-
lation, K. ecli wos completely inlibited (inure 1),

When &8 little us 200 pg/ml of fro by prepaied
discetyl wore incorporsied indo nu{nx: nt broth,
E. coli was immcdintely inhilitod,

The mstalility of the epudiol group and its
dircet owidation to a relutively stable alpha
diketone proup teccther with ihe Lnown anti-
bueterial properties (Bloch et el,, 1045; Schalen,
1651) of elpha dikctoncs poorpted a study of the
autibrelenial spectea of alpha ditctones, The
sntibactesial specten of 1, 2-cyelohesancdicns
and  I-phenyld, 2propanedione were  deinon-
slrated to be shuilar {o (hat of seeorbic aeid and
dicectyl (uble 1), Thoue date indicate that the
diketonc ;frou"» po g aiy LL retevial proportiza
that ara vory similar tr) ascorhl 3aud “lnl dizce
Guulitati
diize : :'-ohfmm' Hone au d 1-, A’I)‘yt-
1, Z-propanedions veere negative. Thus, dilviones
unable to forn cnediol dedvatives novertlieliss
peatiis antibectevial propertics thst are very
similar fo autooxidined ascosbic acid,

P

DISCUSSION

s oand the exact chemicel de-
rivative by which ascorbic neid inhibits bacterial

The nueet
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MILE AND MILK PRODUCTS

[Guabitv ol milk and dairy preducts [rom
cosvs suitering from foot-and-mouth djs-
ease.] Kichostvo moloka i motockothh produk-
tov pri zebolevani Lovov vashioloirom,

Porgevicn, T DL Shoin. Ball oees. Soredich.

Maluch. 13:-In 3955, pp. 236 65 8 tables {n

Lussian} [Timir

. Agric, NMoscow,

ot of feot-and-mouth discase on milk
prodicts wes studied Hrmg on ont-
ata furm near Mescow. 'The infection
{oid rise in Jeuccevte mnmbers
Lictorc-chlorvide numbor resnained
Laields droppod elirantiv by 30- 40
o botterfat content
wreased by abonit 20 pur cent,
samevehat doring the first fov
tion, The vithini
wes also nffected; i !
tnmedately Dy abont 25 per cent vl
pheroals, thiamine and aseorbic adid in
ahaut 8o, ze and fo per cent respectivedy, Diacciy]
and acetybmethvb-carhine! peaduction T the milk
from diconsed covs avas arasticalis - seed, and
the coasulation  time w
Butter made from  pos
30 min.) sucet cream oud
skimeniile were both of Bigh quatiny.
Bome of the hutterfat constants were deter-
mined, the resules shawing anincrease 1 the jodine
value and i the pefig i 7t o chanees in
the mclting puint. . L.
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j Flavor Retention During Drying '

6q)
GARY A, REINECCIUS 2 and S. T. COULTER

Department of Food Science and Industries, University of Minnesota, St, Paul 55101

Abstract

The influcnce of spray dryer operating
conditions (drying temperatures, extract
=olids content, nozzle orifice size, and in-
fred spray pressure) and of variations
in the proportions of individual skim-
milk components in the extract to be
dried, upon flavor retention during drying,
was investigated. The influence of those
variables upon flavor retention was evalu-
ated by adding either acetoin, acetone, or
diacetyl to skimmilk (10 to 509 total
solids), drying the skimmilk plus the added
flavor” under the desired operating condi-
tions, and then colorimetrically analyzing
the skimmilk powder for residual amounts
of the added flavor compound.

Total solids content of the infeed skim-
milk was found to he the major * factor
inlnencing  the amount of added flavor
retained  during  drving. Diacetyl rveten-
tin was found to be independent of the
pavtiele size of the skimmilk powders.
The highest exit air temiperatures (about
() and lowest inlet air temperatures
tsheut 160 C) used in this study were
frund o result in optimum retention of
wided flavors,

Milk protein extracts retained diacetyl
boirer during drring than lactose solutions
0 equivalezt concentration (486% versus
57 retention). This oecurrence may be
nutially caused by a substantial reduction
in the vapor pressure of diacetyl upon addi-
tisn of milk protein to a diacetyl-water
~ivtien. Addition of lactose to a diacetyl-
water solution inereased the vapor pressure
of the diacetyl.

The dryinz of food extraets is generally .

srwwpanied by large losses of volatile flavors,
Sorerample, Kivetz and Foote (11) have re-

-

il that a spray-dried coffee retains only

*ut 1095 of the aromas which were present
e hrewed eoffee. Extract concentration Lias
Toreived for publieation February 3, 1969,

TSeiontifie Journal Series Paper no. 6796, Min-

"'_‘."f:t, Agricultural Experiment Station.

“Current address:

Division of Food Seience

Industry, Pennsylvania  State University,

“iversi ty Park 16802,

been shown to he the major factor influencing
flavor retention during the drying of ecoffee
extracts (11). A high solids (about 50¢%)
extract will lose only a small portion of the
volatile flavors present in the concentrated
extract. '

A correlation between purticle size of the
atomized extract and flavor retention has heen
suggested by several investigators (1, 2, 4, 11).
They assume that larger particles retain more
volatile flavors during drying because the larger
particles have less surface aren per unit mass
(specific surface) available for evaporation of
the flavor eompounds.

Sivetz and Foote (11) have stated that a low
inlet air tempernture (less than 204 C) favors
the retention of volatile flavors. They suzgest
that higher iulet air temperatures cause “blos. -
soming” of the drying partieles which results
in particles with thin walls and a large spe-
eifle surface,

Fxit air temperatures ahave 80 € were fouad
to produce a stale flavor in spray-dried cheesa
(3). The stale flavor was attributed to heat
dumage to the cheese. '

A substantial proportion of the previous
work has utilized orgnnoleptic evaluation of
the dried product to estimate flavor retention
during drying. While the ultimate measure of
product flavor lies in its organoleptic response,
we felt that an objective mieans of evaluating
flavor retention was desirable. In this study,
we have analytieally measured: 1) the effeet
of various spray-drying conditions {drving tem-
peratures, extract eoncentration, nozzle orifice
size, and spray pressure) upon the rvetention
of flavor compounds added to skimmilk; 2)
the effect of different flavor ecarriers (selected
skimmilk eomponents) upon retention of added
flavor compounds: and 3) the cffect of storage
of the dried produet upon retention of added
diacetyl. Tt was also eonsidered of interest
to compare the retention of dincetyl whled to
skimmilk (500 ppm) during voller-, spray-, and
freeze-drying proeesses.

Experimental Methods

The influence of spray-drying couditions
upon the retention of volatile favors was
evaluated by adding 500 ppm of either acetoin,
acetone, or dincetyl to skimmilk (10 to 306,
TS) or skimunilk constituents, drying the skim-

, 1219
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1220 REINECCIUS AXD COULTER

milk plus-added flavor under the desired oper-
ating conditions, and then analyzing the pow-
der for residual amounts of the added flavor
compound. Acetoin, acetone, and diacetyl were
chosen as test compounds because simple colori-
metric tests had heen developed for their
quantitation in skimmilk systems; they are
common food flavors, and.they represent a
range in volatility and molecular size.

Diacetyl and acetoin were determined by
their color rcaction with creatine [method of
Westerfield (14)]. Acetone was determined by
its color reaction with salieylic aldehyde [meth-
od of Thin and Robertson (13)].

Particle size of resultant powders was de-
termined by microsecopic examination and
permeametry. Using a microscope equipped
with a stage micrometer, one thousand particles
were sized at random. From the data, a
weighted mean particle diameter (volume basis)
was caleulated. The surface average diameter
of each powder sample was determined by the
method of Pyne (10), using the permeametry
apparatus designed by Gooden and Smith (7).

Pilot models of the Coulter spray dryer,
Virtis freeze dryer, and double-roller dryer
were used in this study.

Results and Discussion

OPERATING VARIABLES

‘Drying process. The data in Table 1 show
that similar proportiors of the added diacetyl
(60<7) are retained during spray and freeze
drring. Substantially greater proportions of
diacetyl were retained by spray and freeze
drring than by the double-drum dryihg pro-
cedure. The double-drum drying process is
similar to vacuum condensing—the moisture is,
in effect, boiled from the milk, The vigorous
boiling during drying provides little oppor-
tunity for formation of a selective membrane
at the dryving interface, which would pref-
erentialiy retain the organie volatiles.

Total soiids concentration of infeed skim-

. mik. Similar to other investigators, we have

Taete 1. Per ecent vetention of diacetyl during
rolier drying, freeze drying, and spray drying
of 309 total solids skimmilk (500 ppm dia-
cetyl). '

Roller Freeze Spray
Trial drying drying drying
(no.) ————————(% retention )————
1 0 59 61a
2 0 67

& Average of ten trials.

J. DAIRY SCIENCE VoL, 62, No. 8

RETENTION (%)

found concentration to be the major factop
determining the retention of added flavopy
during drying. The data plotted in Fisure |
show that virtually all of the added diacety
was retained when 50¢p total solids skimmiik
was used as the flavor carrier. Flavor losse
during concentration of food extracts alsg
have to be considered. If the product is cop.
centrated before drying, a large portion of
the volatile flavors originally present are dis.
tilled from the food produet with the water.
We found that if diacetyl is added to fluig

skimmilk (about 109, total solids) und then -

spray dried, approximately 355, of the diacersi

is retained in the resultant skimmilk powder. -

IE a batch of the same fluid skimmilk plus
diacetyl is condensed in a single-pan bateh
evaporator to 40% total solids and then spry
dried, only 15% of the added diacetyl is re-
tained in the resultant skimmilk powder. Con-
centration of the skimmilk before drying re
sulted in greater losses of the added diacetyt
than if the skimmilk had not been precon.

centrated. Often there is an aptimmm concen-.

tration at which a food product is spray .dried.
Coffee, for example, is spray dried at 40 ‘o
459 total solids (11}, '

Darticle size of .atomired extract. Diacets
retention was found to be independent of the
particle size of resultant skimmilk powders
The mean particle sizes of powder samples
were varied by changing nozzle orifice size
(0.406 mm, 0.508 mm, 0.635 mum, 0.742 mm}
while corresponding changes in infeed sprsy
pressure were made (211 to 106 kg/em®) to

100r
90
801
70

sop
50}
401 hd

3o} .
20}

10}

o S————y

(o) 10 20 30 40 50

TOTAL SOLIDS (%)

F1e. 1. Tnfluence of infeed toial solids on '-}"
per cent retention of dincetyl during spray dry=é
of skimmilk. Inlet air temperature, 205 C; ext
air temperature, 82 C.
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100
90! ;|
80

701 L]

601 A - .
50p

401

RETENTION (%)

30
20}

10}

o . .
20 - 40

MEAN PARTICLE SIZE (u)
¥ig. 2. Influence of particle size on the per
~nt retention of diacetyl during spray drying
of 30% TS skimmilk. Inlet air temperature,
203 C; exit air temperature, 82 C.

uiintain a constant infeed rate. As shown in
Fizove 2, mean particle size (based ou mi-

Tv1e 2 Per cent retention af diacetyl during
spray drying of aqueous systems of selected
.i:k components.

. Per cent total solids
Milk component 10 15
' ' (%R)
~kimmilk o 43 48
‘aiium easeinate 46 51

~ Ssiium caseinate

— lactose? 26 39
l.avtose monohydrate 34 .

a Spdinm caseinate:lactose ratio = 1:2.
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croscopie éxamination) varied from about 23.0
to 325 x in diameter. Mean particle size of
the same samples determined by permeametry
varied from 20.0 to 33.0 p in diameter. The
range in particle size within a sample was
found to vary from about 5 to 90 p. The
smallest size, of course, was determined. by
stack losses.

Assuming that the theory of Brooks (5)
and Thijssen (12) is valid, the fraction of a
flavor compound retained during drying should
depend upon: 1) rate of flavor loss from the
particle surface (g/em?/sec); 2) drying time
until the outer membrane of the atomized par-
ticle is of sufficient concentration and dimen-
sions to become selective (sec); 3) surface
area (per unit mass) available for evapora-
tion of the flavor compound (em?/g). It ap-
pears justified to assume a uniform rate of
flavor loss, independent of particle size, until
a selective wembrane is formed around the
drying droplet. The surface aren per unit
mass, of course, is inversely proportional to
the diameter. In the case of pure lignid drops,
the drying time is directly proportional to
the square of the diameter (9). In the ease of
drops containing, in addition to the solvent,
solids which lower the vapor pressure or in
which diffusivity of the evaporating substances
changes with concentration of the solids, the
drying time is longer than for pure liquid
drops, due to the effect of both. A reduction

‘in the vapor pressure differential and a de-

crease in diffusivity with increase in concentra-
tion both operate to inerease the drying time
of a drop of milk over that of a drop of
water of the same size. Also, proportionately
more water must diffuse to and evaporate from
a unit area of surface in the larger particles.
Thus, there may be a delay in the formation

Tieee 3. Diacetyl concentrations of headspace vapors in equilibrinm with aqueous systems of se-
weted milk components containing 50 ppma added diacetyl. ‘

Trial no. .
Milk eomponent® 1 2 3 4 Average
(ppm diacetyl)®
Water 54 52 55 57 54
Skimmilk powder 42 35 42 - 40
Whey powder 60 59 60 65 61
Sodium caseinate 25 27 27 © 20
Whey protein® 27 25 23 ' 25
Lactose monohydrate 62 65 62 63
Sodium chloride 74 74

——

* Ten per cent total solids in final mixture.

b Spray-dried fraction from Sephadex G-25 gel filtration.

* Determined by GLC headspace sampling.

J. Dargy Sciexor Vor. 62, No. 8
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of an effective memhrane in the larger drops,
so that' the increased time for loss of vola-
tiles before formation of an effective memhrane
oftsets the effect on volatile loss of the de-
creased surface area per unit of mass.

Drying temperatures. Inlet and exit air
temperatures were found to have an effect
upon the retention of added flavors (Fig. 3).
The higher the inlet air temperature, the lower
was retention of the added flavors. Increased
inlet air temperatures also resulted in powders
of higher moisture contents, larger mean par-
ticle sizes, and lower absolute densities. The
lower absolute densities were the result of “bal-
looning” of the atomized partieles during dry-
ing, as was shown by mieroscopic examination
of powder samples. Ballooning is assumed to
be eaused by the vaporization of water within
the particle at a more rapid rate than . the
vapors can diffuse to the surface of the par-
ticle (9). This causes an expansion of the
particle which may stretch (or alter) the se-
lective membrane formed on the surface of the
drying droplet. Stretching may delay forma-
tion of a seleetive membrane which may result
in additional flavor losses.

High exit air temperatures (90 to 100 C) -

favor the retention of added flavors.’ Hicher
exit air temperatures also produce powders
shightly denser, lower in moisture, and larger
in size. Tmproved vetention of organic flavors
at higher exit air temperatures may be caused
by the lower relative humidity. of the drying
air which should result in an increased rate of
water removal from the atomized particles.
This should shorten the drying time until a
selective membrane is formed around the ato-
mized particles, thereby improving the  reten-
tion of volatile flavors.

COXSTITUENT VARIABLES

Concentration of flavor compound. The con-
centration of diacetyl added to the skimmilk
prior to drying was found to influence the
proportion of diacetyl retained during drving.
Diacetyl was added to 309, TS skimmilk at
eoncentrations of 500 and 6,000 ppm. FEach
lIot was spray dried using identical operating
conditions. Seventy-five per cent of the added
diacetyl was retained in the powder when the
lower diacetyl econcentration was dried. In
comparison, 609 of the diacetyl was retained
when the higher concentration was dried.

Eztract composition. Results indicate that
individual skimmilk constituents vary in their
ahility to retain added flavors. The data pre-
sented in Table 2 show that samples highest in
sodium eascinate retained the most diacetyl

J. DAIRY ScCIENCE Vor. 52, No. 8

during drying. Samples highest in Juctose Te-
tained the least dincetyl. This may be because
the presence of milk proteins in a water-diacety)
solution greatly reduces the vapor pressure
of the diacetyl (Table. 3). The presence of

_ lactose or milk salts increases the vapor pres-

sure of the diacetyl.

RETENTION OF DIACETYL DURING STORAGE

The retention of diacetyl in skimmilk enp.
stituents during open-air storage and storage
in closed plastic bags was investigated. Dia.
cetyl concentration in NFDM gradually de-
creased during storage in plastic bags (Fig.
4). This gradual loss of diacetyl from the
powder may have heen caused by migration of
the diacetyl from the NFDX to the air trapped
in the storage bag.

Diacetyl concentration in the skimmilk con-
stituents remained approximately constant
during the first days of open-air storage. How-
ever, during the 13- to 21-day storage interval,
a rapid loss occurred (Fig. 5). Lactose erys-

8o ACETONE
e —

0 /
o — ; R

1007 DIACETYL

. /Q ———————_—_—‘
e

°=-L.T. 163C

o o
o ©

RETENTION (%)
N 3

20¢ *+-LY. 205¢C
LT, 247¢C
o ry
100 ACETOIN
80
. rme—— §
60 /8 3
3

s///
/:

20
o A A P—)
71 77 82 88 93

EXIT AIR TEMP (C)

Fin. 3. Influence of inlet and exit air lem
peratures on the per coent retentinn (55R) of
added volatiles during spray drying of 30%% total
solids skimmilk.
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Fiv. 4. Retention of diacetyl in NFDM during
~torage in closed polyethylene bags.

tallization, as evideneced by microscopic ex-
amination, also occurred at some time during
the 13- to 21-day storage interval. According
t King (8), the oecurrence of lactose erystal-
lization in NFDM results in the development of
a network of fine cracks and interstices along
ite edges of the lactose cerystals. It is possible
that a substantial proportion of the diacetyl
vould diffuse out of the particle through these
wewly formed pathways.

Conclusions -~

Results of this study suggest that optimum
davor retention during drying is obtained when
' |
*~DRIED SKIMMILK ‘
s =DRIED WHEY

¢ — DRIED SODIUM CASEINATE
¢ =~ DRIEO LACTOSE

&
o
L2

[%}
Q
[+)
—

»
[}
2

LACTOSE
CRYSTALLIZATIO)

DIACETYL CONC (ug /g powder}
]
o

- /AU,

R

10 12 14 16 18 20 22
STORAGE TIME (D_AYS)

Fic. 5. Loss of diacetyl during open-air storage
of selected materials spray dried containing added
diacetyl.
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a high solids extract (about 5055 TS) is dried
using a high exit air temperature (about 100 C)
and a low inlet air temperature (about 160 C).
The retention of flavor compounds added to
skimmilk was found to be independent of the
particle size of the resultant powders.

When applying these results to natural prod-
uets, one nust consider that a large percentage
of flavor compounds may he lost during econ-
centration before "drying and that adverse
quality characteristics may develop when high
exit air temperatures are used. Although a
high solids content greatly improves flavor re-
tention during drying, the losses of volatile
flavors during concentration may be greater
than the savings realized during drying.
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SUMMARY

The feasibility of flavoring Canalinn bulter with
Gstillnte and with connmereial preparation of synlhetie di-
Al varions coneentrations, Alhough
control samples to Mavared samples,
© one-thivd of 1he members of 2 taste panel hid o delinite prefer-

ence for the flavored samples and only one-fifth preferred the
" eontrol samples, The remaining panel members
preference, Starter distitlade bullers were preferred fo ¢eom-
mereinl dineetyl?? butfers, aml 000 oz of distillade per 100 1h
of Tat was preferred to 0.9% oz or 1 oz, whereas for Cpormier-
ein] dineetyl”? the preference deereased wilh jnereasing eon-

0 weely]l was investigated
' ofticial graders preferved

showed  no

e contention,

ST The tovels of acelyhmethylearbinol and of duteetyl in dbhe

37 ppm

and 0.04-0.64 ppm. These lovels did nol ehange even after |

year slornge at 100 ¥, Peroxide valnes indieated that the

Wt kcopi‘h);: qualify of 1he huller was uw fieeled by eifher flavoring.
p B

@l
4

4 ter made from acid eream lias poor keeping guality.
- The vequivements for long storage of hulter have Jed
to changes in buttermaking procedures to enhanee

nse of unripened eream, the standardization of the
Cereans to a low acidity, and possibly the washing of
“{he butter granules, have harmed {lavor. Sinee butter
is consumed mainly for its flavor, the question arises
“s whether the bland-flavored hutter that results Trom
“hy most eonsumers free o choose a more highly
“flavored hutter, _

© It s desirable to seareh Tor weans of enhaneing
bulfer Navor without harming Keeping quadity. But-
ter flavor ean be enhaneed by vipening the erejm,
avoiding exceessive nent alization of the eveam acidily,
v eliminating the washing of butter aranules, adding
starler to cream or butler, or adding flavoring ma-
terials sneh as diaectyl or starter distillafe. I*or keep-
ing purposes, vipened erean hutter is ont of the
‘question. The standardization of the acidity of bulter
}_ . serum 1o a pIlabove 7.0 has never been shown o in-
. prove keeping quality. Julter washing  has

The
even when the Tactor
of acidity is eliminated, has heen shown by Wiley
ol (100 to arm the keeping guality of hutter,
Howoever, reeent reports by MeDowall el (1960 3 b
indieated that the wse of sweel-erein alarvier butfer
s does not e the keeping gquatity of butter. The use
of prre diaeetyt has heen fostned Lo wive an unnadaral
: aroma to butter (Babetand Thmmer, 1L Hunziker,
1910 MeDowall, 193 Mobr and Wiehstadt, 1L}
Ruche and Ramsey (HE) impraved the aroma of
butter by adding starter distillate to either crean ov

quatity under present Canadinn condilions.

e T

* Gontribution Ne. 27. B

keeping quality. Some of these changes, sueh as the

starler”

I'r 15 WELL BESTABLISTHTED that hud-

overemphasis on keeping guality wonld be preferred

heen-
‘ " found (White of al. 1956) to he ol no hielp o Keepiige®

\ 5-;T'hé°‘U,s4q of Starter Distillate for
13740 (1961

_ Speeial Grade evenm abtnined from the Inditule Dairy,

Ceontrol, slarter distillate, and eommereinl dineedyd

slarter distillate or

&

A
. —— .
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Flavoring Butter® .

R. R. Ricl and C. A. Gibson

Daity Technolagy Research  Institute,
Ottowa, Canada

butter, Beek of al. (1938) Found that this procedure
does el alfeet 1he keeping gnality of hutter, Varions
workers {Babel and Thonmer, 1944 MeDowall ef al.,
1960 a, b) have reported that the diacetyi content, of
bulfer deereased an storase, No pro-oxidative effect:
of dincetyl in butter has ever been reported al coneen-
tralions helow 2 ppm.

Sinee the manufaeture of stavter butter FEQUITES
speeialized knowledae, skill, aned equipment, iowas
thought preferable to study more practical means of
enhaneing hutter flavor. The abjectives of his stody
wore to defermine the stahility of some {lavor addi-
lives in stored butter, their effeet on the keeping
quality of Imtter, and whether utter fiavored with
a commereinl dineeivl Havoring
would be preferved Lo conventional ntter by a small
panel of tasters,

LEXPERIMENTAL

Manufacturing, Fuenty-seven lats of butter were niule from
They
involved 1hree avoring trentmends, Three levels of caneenfr-
fion, awl three replications, The flavoring frenbment:s were:
flavvoringe,
n, 000, amd 100
The Gl eontent of the erenm was S6eq s
with
The cremm wis postenrized 10 min al
180° 1, cooled to A68° I, and held There wntil ehurning.
agre churning temperalure was 171, Just hefure working,
eiteh churning of butter wax split into three Tote Tor the fol-
lowing freatments; (a) vontrol, (hy starter distillite added,
() diaeety] thavoring added,
ot intervils of abont Three weeks, from May 1o November, {o
allow time far the anadyses,

The starter distillite and the dineelyl flavoring were hoth
bhoth eontained 0117 ¢
quantity  of acely lmethiylenrhinol,

and the levels of conventration were
per 1 W of butter.
the aeidity, initinlly 0.0 0, was atundardized to 0100
sohinm sesquicarbonade.

[$ 14

Aver-

The nime ehiurnings were made

liseetyl
The
eitrie, aectie, or pro-

from commercial sourees, and
and
disteety? Mhavoring alid cunlain
pinnie neid, Sinee the los: of diseely] in the haltermilk s very
high (Mohr and Wellin, BTy, the Navoring was added fo the
Lutier of the salting stape. The <t enntent was standardized
at 1977 mud the maisture content al 6.,

Smnples Trom eaele split churning were saved for G iniinl
annlyses,
were weapped. i
107 1 il examination

Mo thads of analigsis

no  measurthle

not any

Some 2 one-ponnd prints from eieh split churninge

prrchinent  paget, hoxed, and stored

Sominbes Trom caeh sphi clntiaing were
ab 1l b

who hived o ke dedge of e esprey

ceored Tor aver iniliadby, 6 omanths, ol manth.,
three gosernment graedeis

menf. A study of (hvar preferenee wirs nenle with s enpen

cneed faste panel of 15 people This panel i- regulady el
For the appradsal of flavor, oelor, or ather srginab ptie projes
Gies of varions dairy produets, P oddition, o b pros

ceddinre of Easting wns given toeaeh paneiict, and severad blank

(nxting sessions were comdneted to b the pamels Fo rednee

the wark of the ta-te panel i owas Aesttried that the three eon

trol Tods i e replivate were Aalike i davor, lenvann seven

samples lor eaxmmimtion in each replivate

A ranking procedore waes vl o patabhibnh oo preferonee,
A balaneed incomplete hluek desien
trenlments in eaele ol the thee:
Faely Liloek

wite msed whoreby the ceven
repdicntes were preseutod o the

panel i 55 blocks off S onnils, af samples wies rnked
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Sexpeeted, preferenee ywas e inverse order of eop.

centration. The G-montl Samples roeeiveg
average seore than {]e Fresh or {he -year
The flavor preforence g indicative of
Canada for official  wradepy o favor huifep with
“Dland”” flavor. MeDowali (T993) roported g stmilay
chservation With New Zealand huttey confaining 0.05
pbm diacetyl, The New Zealand graders eriticized ()he
hutter as harsh ani “overtnll gy, Havor,
Aaste_ panel. ol 3 shows the lotals for (he
15 panelists, The over-all analysis of varianee of (he
‘mal varietieg (Kisher and Yates, 1453) with fhe
Aatwent lolalg adjusted aecording to Coclirm, and
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Saniples,”
the (rend ipy
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treatments iy almost significian af P = .05, The ad-

dusted treatmeny, MEaR square g g unit hasis wag () ,

agiinst a P - .05 of 220 Pl concordiiee coeflieiony E
fXendal, 1918) indicated also- that the
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nentheys

Ninee taste prelerenee is known to vary with indi.
vidials, an over-all analvsis of vitrianee of preferonpe

dita could e misloading when there apo reverse

“preferences by substantial portions of the pancl. 4o
obtain the ) information fram the Dreference data, B

the membepg were grouped on (he basis of the signifi-
canee of (hp elii-squie vilues of {hejp

preferonee,
Table 4 indieates that,

five members preferved {he

j
l

y

e




v

Ca

0.1 ppm, and that of ““high- acid?? butter is 1o ppm.
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J ' Usk OF STARTER DISTILLATE TFOR FLAVORING BUTTER i.’{‘.')i
n iy »
é “. iTable 4, Gmupmg of pancl membais according to their flavor met h\ h' nhinol, MeDaowell of al. (1960 0 h) ohlathed
‘, g v ) mprc{crcme ‘ ) f4 ppmein theies sweet-eveam starter butter.
-~ o ! " Treatment o They hmn(l phat storaere for S months at 1F 1 efleeted
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©avored Imfters | was preferved (o the control. inerense was not sieificant alter months, Presencee
i3 c 5 4 ' ' R ] o . . .
2 ! -‘: ;i M X .. 5 ot of starter and relatively high storagre femperature
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i : . o b M . o | ont butter, Cox (1942) Taund 0.02-0.20, average 0.07 ppm,
‘ 1? i Slm\\'irntnu | ‘ Yarnicont (10375 005 ppm, and Mohr and Welhn
i referenee . N :
- ; T L L | (13T 0.2 ppm.
t 0 B 2 | 1 1 B 6.0 5
€ s " X Y . T . Starvter hutters ean have as much as 2 ppm (h.u'le
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L . 4 e o o i Vo o 0.5 ppm, as in mn\l French butters (P1en ef ol 1T
- - R LU N . SO L L Aecording (o Barnicoat (19370 and Davies (1937,
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ll)\mml sanmiples 1o the control, three preferred the
eontrol to the ﬂ.l\ ored samples, and seven showed wo
preference. -

o the panelists showing an over-all pre ferenee [or

llw flavored butlers, the analysis of varianee of the
“normal vaviates after adjusimenis for the treaturents

for incomplete bloek analysis (Coehrane and Cox,
1957) showed a highly significant dilfevence hotween

" treatments. The multiple range fest of Duncean, (1955)

indiented that the members preferred the (lavored
bulters over the control but had no preferenve among
the flavored butlers, varying i in flavoring type and jn
. lavoring coneentration. ' :

CWor the three members showineg an over-all prefer-
enee” for the control over lln- flavored samples, the
snalysis of varvianee showed sienificant diffepenee
hetween the adjusted hvmm-nl\ "The multiple range
~Lest of Duneim cstablished that these panelists did not
(‘anm\h belween the control aud the low lq el of
darter distillate, bul preferred these to all fother
SAreatments, Among the fl.l\mml smuples, the Tow and

“medinm levels of stavter distillate were preferred to

“{he samples with diacetyl flavoring or with higlh level

p- t
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pom, ,[
»
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Ainvorines used was ol

¢ ol starter distiliate,

/I:‘(Il/hnr'(hul(‘mhnml The average acelvimethyl-
varbinol eondent of the control saniples was 011 ppi.
This value is an agreement with the value of 0.16 ppm
reported by Mohr and Wellm (193 7Y for sweel-eream
Lintter.  The  avetyvimethylerhinol - eontent (e
by the method
huller
cVeetod o slicht inerease in the aectyhpethybearhino

of
measarable

needl. However, the addition of flavorings to

coanfent, wore for comnnereial diaeetyl than Tor

di=tillate.

S

ERTRINE Foven at the rate of 1oz of flavoring

per 100 1 of buller the aeetyhmethyTearbinol content
g raised only fo O 17 ppmand .21 ppo for slarter

Mistillade and Tor commereial diaeetyl,
The varintes storage amd concentration hadl no elfeet
on the acetyTmethylearhinol eontent of the Dutter,
Acvording to Hedriek and Hannuer (1942y,
butter wmay conlain as wueh as 16 ppm ol aeetyl-

||~\|\((l|\<|\

starter

with 1lie level of added flavoring.

Davies elassified butters on the basis of their diacetyl
content as inllm\'s; 0.2 0.6 ppn is wikd, 0.7- 15 ppm
With this elassifieation,
the flavored butters in our experiment would Talt into
the category of mild (Tables

is [ull, and 2 ppm s strong.

and 6.

On adding flavoring fo butler,
Ho'y

there was o loss ol

aboud of dlinects [ This pereentine T inerensed
MeDowall (1953
found a simibine loss, which he attributed to Joss to the
altmosphere and churning.,

Sinee the Oavoring was wlded to the butter at the

to wash water daring

Table 5. Diacetyl content (ppm') of xluxcd butter flavorcd
with xtmtct dl"lllhlc
O uf added dhstillate per a0 tb ]
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at 0" I onlm| i X . . fean
g [ . 1.0 |
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LN PR [ (I K i
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Meun niv i AP acie At i O2R
a Poelividual valines arve avesnges nf theee replivates,
o Canteol valnes are averagces of nin chnrnings,
Table 6. Ihacelyl content (ppm’) ol stpred butter flavored
with diacetyl Ravoring
! O o aelded i P per feo b
q(‘\f"'i:_""l, CCantied ul b Mo rs
) ' i ] [ }.onat
Vresh NREI 0o tot [T
Soday- } LI Y o [ oot
I owaerh : ol o 0o 0nog.
P oweehs [} 0oy I Ty
Goweels oy . [ o 0ovs
Haweels 1 R g "o 0oy
K werhs { wos t " o dh
1 year i (L IR ol Lt
i i
i |
Mean | 0l o 0oy Bt WnT
2 Fpelin ilual values are anveraees of thres perdicaies,

brantrel valnes e aserages slongee el nings.,
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Gentlenmen:
Ej As you know, the Food & Drug Administration is reviewing the safety of
‘ all food additives currently on the list of substances Generally Recognized
— as Safe (GRAS). On each additive an individual monograph is prepared, follow-
é ing a search of the literature published in recognized scientific Journals
‘ during the past half-century. The monograph author abstracts and presents
: factual data within a prescribed format, without expressing any opinion of his
’? own. It is his duty to meke such information as comprehensive as possible,
? by such additional inquiries as may be deemed necessary.
pm;f‘\\ I am currently preparing a monograph on "starter distillate" that will
! include a section on its main component, diacetyl, but not on its other com-

ponents. I have information suggesting that your Company is or was a supplier
of this substance, or rather, mixture, used as a butter flavor intensifier.

™

There appears to be no formal standard of identity, or specification of
"starter distillate” as such, recognized by the FDA, or written into CFR.
Based on the published literature I propose to identify "starter distillate"
as a steam distillate of starter resulting from the culture of any or all
of five species of bacteria together with the medium in which they are cultured
namely, milk or fractions of milk. The five species are Streptococcus lactis,
S. cremoris, S. diacetilactis, Leuconostoc citrovorum, and L. dextranicum.

1

14

Should you have any comments upon this identification I shall be glad

'T‘ﬁb to receive them as soon as possible. I shall also be glad to receive any
: other information about starter distillate or diacetyl that you may consider
, relevant to a discussion of its safety as a food additive.
q .
i Very truly yours,
/\
sl
: Humphrey Sassoon, PhD
3 - HS:ds
A
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PRUSEMT: DPr. Ralph luseoug, Natlona! Dairy Covjporativit, New Yorik, H. Y.

Mr. £. M. Polait, Polac'’s Frutali wWorks, Iuc., smersfoort, llolland
» - (AF 1Y-~.i40)

Mr. L. L. Remmuy (pavt time) ) Divisiva o Food

Lr. 4. Horwitz " ) ' Poou and Drug Adminidtration
gﬁ, Mr. B, J. Schouvpa, Divi’sioﬁ of Fharmaso.: o
I : Food and Drug Administcation
~ 3 . | |
L The .isitors rame in to detormine the status of a sturter distillate
concentrate, to be used 1n margazine, with respect to the Foud Additives
r Amendment. The pruduct is appareatly made ia (tolland, , \3 ‘

Mr. Polak prescnted dats on the gendral description, specificatioms,’
and levels of use of tha starter distillate concimtrate (Copy attached).
.In response to a specific question he stated that citric acid was added
in the process. ‘ '

1t was pointed out that starter distillate and discotyl are
allowed for use {n margariune as outiined in the Food Standards - Part
45.1 (a) (1) (3) (iv). o mention is madu of thes allowable concentration

-7\ of acstyl methyl carbinol.
i . . ’
i : - .
' _ we pointed out tiat while diacetyl was an accepted £lavor for this
f"'b use, we weére still considering the status of acetyl mathyl carbinol. The
1 latter component was stated to be: prosent in starter diatillate in &
‘ . concentration albout fivc times ghat of diacetyi. '
H The visitors outiined tha genaral produstion techuiques of their
starter cistillate conceatrato mnd it appested thygt by this method, they
‘ ware producing what is generaily recognized ss starter distiliste. They
S puiated cut that the acetyl methyl carblhol in the end product, margerine, .
‘ would he less than that occurring naturally in sour cream butter. The
) visitors will prasent figures desonetrating the sclative concentrations
p- ' of thwse campoacnts iu varicus natural aud other food productis.
o ‘They will request a ruling on whether thelr sterter distillate
-~ concentrate 18 a fooc additive at the time the additional information
L is suimitted. ‘
e ' '
r~ :‘ - ' .
3 ‘
{ : P. J. Schouboe
: . Bloclwmist
- _oec: '

P G2 (Attn. Mr. checchi)
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f ! The Role of B-Carotene in the

g

§ / Oxidation of Butter

W. Schuller (From the Daily and Agricultural
'? Microbiology Institute at the Vienna College for
Soil Cultivation — Director: Prof. Dr. A. Zeilinger)

-

f Introduction
- Different'substances, which have become components of butter as a resulti

of the type of milk treatment used, as well as substances which occur naturally
™ in milk and milk fat, affect the course of autoxidation of butter fat. According
to their mode of action, these products are known as pro- or antioxidants.

g, .

; Numerous scientific studies are concerned with the oxidation-inhibiting and
- promoting behavior of these products. However, the results of research on the

: oxidative participation (synergistic action) of various vitamins are mutually
ol N\ contradictory.

The task of the present study is to clarify the question as to the manner

in which B-carotene takes part in the autoxidation of butter fat.

Status and Formulation of the Problem

Pt

The essénce of butter oxidation consists in the addition of oxygen to the
{} double bonds of unsaturated fatty acid residues under formation of peroxides,

| followed by the splitting of fatty acid chains and formation of aldeﬁydes and
g?“ﬁh - ketones. The content of fatty acids with carbon atoms linked by double bdnds
is considered as the primary factor of oxidizability. These fatty acids ex-
hibit a high reactivity as a result of their unsaturation. Thus, they readily
undergo oxidation and oxidize other fatty acids present in a sort of chain
reaction.

According to Greenmbank (7), these catalytic processes are promoted by the

10
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presence of free fatty acids. Among saturated fatty acids, high-molecular
£
- ‘ acids are more subject to undergo such reactions than low-molecular acids.

Thomé (32) and Mattson (20) have found relations between the unsaturated
fatty acid content of butter and the length of the oxidation induction period.

No direct relations could be established between the degree of oxidation and

the percentage content of unsaturated fatty acids.
Schmalfuss (29) noted that fats consisting only of saturated fatty acid .
residues can also undergo oxidation. The induction period in this case had

a corresponding greater length.

Reinart (26) believes that highly unsaturated fatty acids of the Coo -

& C22 series are responsible for the oxidation susceptibility of butter fat.
- The oxidation of butter fat by light is based on a kind of photoéhemical
; process, which, in_case of a quantum absorption of light,initiates the fol-
-V’-\ﬁ - lowing chain reaction illustrated by BBhmer, and Grossfeld (1):
| 1. f + hv—F'
~ 2. F' + 0,—3F'0y
- 3. F'0y + F—F0y + F' -
3 The fatty acid molecule (F) jis activated by irradiated light energy (hv)
r~ to oxygen addition (F'Op). This $timulated peroxide transmits the reaction
b energy further and is thus converted into a normal peroxide.
[7”ﬁh According to Eggert (6), only unsaturated and aromatic compounds are
capable of absorbing light in the visible and ultraviolet wave range. Elec- -
{: trons capable of being excited are located on chromophore groups, of which one
{.1V kind, the ethylene group -&=é-, is the building component of unsaturated fatty
! acids and also of carotene,
{. . According to Schmalfuss (29), when unsaturated fatty acids are irradiated
t N
{7‘
‘L
2
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*f"“x with light of a wavelength below 4100 A, they are definitely susceptible
{ ‘

to oxidation.

vConjugated fatty acids are expecially subject to accelerated oxidation
[? under the effect of light. Lembke (16) was able to detect and determine
{q conjugated fatty acids in butter.

Pont (23,25) established a taste deterioration due to oxidation in milk

f ~ samples irradiated with direct sunlight and diffuse daylight. . ;

- | The oxygen content of butter is also of great importance in its suscep-

r? tibility to oxidation. In contrast to the previous opinion that dispersed

- aqueous butter ("butter water") must be consideréd primarily as an Qxygen
carrier, studies performed by Loftus Hills (17) have shown that oxygen is

soluble in liquid butter fat to the extent of 2.55 ml/100g fat. Plastic.
butter contains up to 55% liquid fat.
nm , .
: Chalmers (3) points out especially the different types of milk treatment
: 7

(pasteurizing, evaporation) which can modify the oxygen content of milk fat

~
and thus of butter. He also indicEtes further the great importance of reducing
a bacteria; as a result of the biological oxygen demand of such bacteria, only
| a very small amount of oxygen is Available to satisfy the chemical oxygen
8
i requirements,
- Aqueous butter- ("butter water") can play an effective role in the course
- ¢
[ of bxidation, in view of its function as an oxygen carrier and also its pos- -
- sible content of heavy mgtal traces and different salts acting as pro-oxidants.
. Greenbank (7) showed that butter with a low liquid content tends to form
n ¢ ‘aldehydes and butter with a higher liquid content tends to form acids,
The oxidation promoting action‘of sodium and magnesium chloride was

‘§(f—\\ ~established by Loftué Hills (17). As a result of contact with milk and milk
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fat, the content of metal ions can increase above the normal amount.
Traces of heavy metals are of special significanﬁe. Among all metals,
; | .
copper isfconsidered as the strongest transmitter of oxygen. Accoxding
to Chalmers (3), copper ions deposited around a fat droplet or dispersed in
butter act as a catalyst by activating oxygen. Similar observations were made

by Tollenaar (34), Greenbaqk (7), Pont (24) and Krykowsky (14).

Natural components can play a decisive part in the course of oxidation

' as oxidation regulators or catalysts. Among such components, phospholipids,

can be mentioned first; their content in butter is equal to 0.02%. They
surround fat droplets, according to King (11), as a closed layer, so that
their fatty acid fractions extend into the fat phase and the hydrophilic OH
groups of phosphoric acid are directed against the surrounding aqueous phase.
From this arrangement, we can conclude that phospholipids act as trans-
mitters of oxygen from the’aqueoﬁs phase into the fat phase. According to
Greenbank (7), they are also readily 6xidized in view of their content of
highly unsaturated fatty acids.

Lea (15) also believes that phospholiplds play an 1npor§ant role as
oxidatlon promoters of milk fat, although they are able to affect oxidation
process in a significant way only as the so-called lipioprotein complex.

In the dispersed state, phospholipids are inactive; in viéw of their low
content in butter, they have practically no effect on highly unsaturated
fatty acids. When combined with tocopherol, an oxidation-inhibiting action
of phospholipids could even be established.

Tocopherol itself is considered as an antioxidant; its oxidation-inhib-
iting action was shown, among others, by Schulte and Schillinger (30) in

their tests on the oxidation of vitamin A and carotene.

/18/9
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According to Reinart (28), tocopherol exerts an oxidation inhibiting

0
effect; this effect is hardly ??ticeable in butter, however, in view of

.

its low concentration (2.5 micrograms/100g).
Krukowsky et al. found that milk fat was made resistant to oxidation

by 2.614 micrograms of tocopherol per 100g fat, in spite of the addition of

YT

lmg Cu/liter.

rﬂ When the butter manufacturing batch is acidified, diacetyl is formed by'
- certain aroma-producing bacteria, it is a diketone, which is very easily
Fﬁ reduced and for this reason is capable of oxidizing its ehvironment.
- Along with an oxidative attack on butter, Reinart (27) also found that
| such an effect is exerted on butter dyes such as carotene and bixin.

According to King (12), diacetyl reacts as a hydrogen accéptor. Water

acts as a hydrogen donor, while unsaturated fatty acids and butter dyes take

=
4 § up the oxygen.

Gyllenberg (8) studies the effect of vitamin C in milk products,

-
According to the results obtained,/the reason for the readiness, on the part
& of vitamin C, to inhibit oxidation probably lies in its easy oxidizability
to dehydroascorbic acid, ResultsJobtained by Greenbank (7) agree with this
L finding. Ascorbic acid especially affords protection against oxidation caused
- by metal contamination.
;E‘i5‘ Krukowsky et al.(14) provided valuable insight into the mode of oxi- i
- dation of ascorbic acid to dehydroascorbic acid and its interplay with the
”( oxidation of fat, Only a definite quantitative ratio between ascorbic acid
ol and dissolved oxygén was capable of preventing the formationAof an oxidation
flavor.
— :
; ) The oxidation behavior of vitamin A is of great interest. Speéial atten-
,.r\ tion, however, was given to the effect of g -carotene.

- ' 5
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Thompson and Steenbock (33) performed tests on the combined (coupled)

oxidation;of carotene and fat in lard, olive oil, cottoﬁseed oil and soy-
:

bean oil.: A shortening of the inductipn period by 20 - 40 hours was found

in carotene-containing samples, as‘compared to reference samples.

Reinart (26) found that carotene has an antitoxidant effect up to the
10th day of the teét, and from this time on exerts a pro-oxidant effect.

Schulte and Schillinger (30), while testing the behavior of vitamin A i
acetate and carotene in fat oxidation, found that fat had a higher oxygen
consumption in the presence of vitamin A and carotene.

Holmann (10) studied photometrically the course of oxidation of methyl
linoleate and the simultaneous breakdown of carotene, and waé able to establish
that almost all of the carotene is broken down before 10% of the ester is
oxidized. | |

Diemayr et al.(5) also performed their respective studies by using
esters as models. They found that the peroxide values of the carotene-
containing samplgs increased by 409%, as compared to carotene, along with
other dyes, and found a higher oxygen uptake when carotene was present.

Chevalier et al. (4) found tﬁat carotene behaves as an antioxidant in
the dark and as a pro-oxidant under the effect of light.

chérding to Chalmers (3), carotene exerts an oxidation-inhibiting effect
during the deterioration of fat.

The above, partly.contradictory opinions, obtained by means of different
and perhaps not always fortunately selected methods and érocesses, prompted
us to undertake the studies described in this article.

Tests were to be carried out with pure butter fat, and the amounts of
;dded carotene were not to exceed the natural concentration found in butter.

Finally, a sensitive method of peroxide measurement was expected to help

U - ‘&\ r
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clarify this question.

i Me thod
A) Preparation of a Carotene-Free Butter
0!
Thus, it was only possible to treat fresh butter with oxidation-neutral

' agents as sparing as possible in such a way that this treatment would comply

with the neceésary requirements. A purely chemical removal of carotene can
be achieved only by saponification of the fat. A reconversion. of the soapﬂ
to butter fat would not be justified for reasons of fat protection (preser-

vation). However, it was possible, according to Bbhmer and Grossfeld 2,

'to bind carotene by adsorption on surface-active compounds. This method

is often used for the purification of fat, and is accompanied by the removal
of>phospholipids and tocopherol. This method appears in principle to be suit-
able for the present purpose. |
The original butter was prepared from fresh sweet cream containing 30%
fat in a glass Alfa-drop butterrbarrel. The design of the barrel prevents
the butter manufacturing batch gfom coming into contact with metal parts. In
order to allow the evacuation of the butter barrel and the blowing in (injection)
of nitrogen, a device for addiné products to the barrel was installed. Further,
in order to afford protection against light, the glass parts were coated black.
The butter was made at.a temperature of 14° C until the grain assumed a
pea-size dimension. After the buttermilk was drawn off, tﬁe butter grain was
washed with fresh tap water until the wash waters were completely clear,
immediatély mixed with 5% pulverized active carbon (''medicinal grade') in

a closed glass vessel and heated in a water bath to 95° C. The butter-active

carbon mixture was held at this temperature under frequent stirring and shaking.

Since a separation of this mixture by filtration soon proved to be impossible in
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view of the realtively high content of active carbon and.also high losses

of fat, an attempt was made to achieve a rough preliminary separation of
butter fa; and active carbon in a centrifuge. A Gerber milk centrifuge of
about 1000 rpm was availabie; test tubes with a 100 cmS content wére used

as centrifuge tubes, and an appropriately fitting holder was manufactured.
An electric heating coil mounted on the centrifuge made it.possible to main-
tain a working temperature of 35°C required for this purpose. In this , ‘
manner, it was possible to achieve a rough separation of active carbon

and butter fat after a centrifuging time of 20 minutes. Subsequent fine
separation was done in a double-jacket hot water funnel by means of a
Schleicher & Schill No. 588 folded filter.

Carotene (g-carotene, crystalline, synthetic, Hoffmann-La Roche) was
added to the fat directly from a freshly broken vial.

The acgurately weighed amount of fat was emulsified in a Bauknecht
mixing apparatus (Fig. 1), equipped with a device for evacuation and injec-
tion of nitrogen, with the calcula}ed amount of distilled water. This pro-
céss was carried out in a continuous stream of nitrogen at 40 C. In order
to prevent the separation of the émulsion into a fat and water phase during
cooling, & special kneading apparatus (Fig. 2) was used, which made it pos-
sible to carry out the kneading process under a nitrogen atmosphere. This
kneader was made from plexiglass in such a way that no metal part came into
contact with the Butter. In this apparatus, the fat-water emulsion was solidi-
fied under continuous kneading in a nitrogen atmosphere, then expelled, broken
up into portions with a plexiglass spatula, packed in parchment paper, and thus

it

exposed t%fadtoxidation.

/#,,#____,)____________,___—— N
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Fig. 1

a) Washing flasks with pyrogallon
and caustic potash for nitrogen purification;
b) apparatus for the preparation of the

Fig, 2

TR . Plexiglass butter kneader (enlarged 10:1).

i

Ultra Turrax TB 18/2 emulsifier.
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In those tests where the behavior of carotene in butter was studied in

the presence of definite pro- and antioxidants, the following partially madified
i

method was used,
Emulsification was carried out in an Ultra Turrax TB 18/2 emulsifier
operating at 24,000 rpm.(Fig. 3). An addifional attached device made it

possible to perform this process in a nitrogen atmosphere. The ready fat-

water emulsion was poured into 4-cm3 glass tubes, where it immediately

solidified without separation into 2 phases.

Butter was subjected to auto-oxidation at 14°C. Part of the samples

were exposed to the action of diffuse day light, and another portion was

stored in complete darkness.

b) Measurements of Fat Oxidation

The extremely complex process of fat oxidation makes it impossible
un;il now to perform accurate measurements of the rate of progress of these
reactions. The only fact known with certainty is the formation of peroxides
as the initial sign of a beginning/oxidation process, and that aldehydes and
ketones are formed during the further course of oxidétion. For this reason,
chemical methods for determining éhe oxidation were aimed at the quantitative
determination of peroxides, aldehydes and ketones. According to Mohr and
EichstHdt (21), none of these methods is superior.ih its sensitivity to the
sensation of our tongue. Similar facts are reported in an abstract by Zeilin-.-
ger (36), according to which, for example, heptylaldehyde is perceived as
irritating already in a concentration of 1/106 and methylnonyl ketone as ran-
cid in a concentration of 4/106 by more or less experienced tasters.

A recently developed method for.determining peroxides formed, according
to Loftus Hills and Thiel (18), Loftus Hills and Wilkinson (19), Stine, Harde-

land, Coulter and Jeness (31), ?pd Walser (35), is capable of identifying an
' t
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oxidation which has already started before a change in taste has occurred,
This methpd, described below, is based on the oxidation of ferrous chloride
to ferricfchioride by oxidized fats in a hydrochloric acid benzene-methanol
solution, and the formation of a red-colored ferrithiocyanate by reaction with
ammonium thiocyanate. The intensity of the red color is measured in a photo-
meter.

The following reagents are required for the peroxide determination by !
the ferrithiocyanate method:

1) A benzene-methanol mixture in a 3:7 ratio.

2) A ferrous chloride solution, prepared by dissolving separately,

in a 50-cc measuring flask, 0.4g BaCl, and 0.5g FeSO4. After trans-

ferring the FeSO4 solution into a 100~-cc measuring flask, the Baglz

solution is added in a slow rotating motion, followed by 2cc ofIJON

HCl. After the BaSQ, pfecipitate has settled, the clear Feqlz solu-

tion is filtered into a small brown flask,

3) A standard ferric iron solution. A solution is required, which

-

contains 10g Fe™'' and 10ml 10N HC1 in 1000 ml; 48.409g FeCl, + 6H,0

3
(this amount contains exact1§ 10g Fe+++) is dissolved in 100ml HC1 (10N),
and this solution is diluted to 1000 ml with distilled water.

4) An ammonium thiocyanate solution; 1l5g ammonium thiqcyante is dis-
solved in ca. 15 ml distilled water, rinsed into a 50-ml measuring flask

and filled up to the mark.

Construction of Calibration Lines

Dilution series are prepared from the FeCl3 solution in a benzene~
methanol mixture, so that 20, 40, 60, 80, 100 and 120 micrograms Fe™ are
) finally present in.20 ml of solution., These dilutions are mixed in a 100-cc

Erlenmeyer flask with 0.lcc ammonium thiocyanate reagent, the flask is closed

Voot
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with a paper-wrapped stopper and rotated (tilted) to achieve a complete
s

mixing, ?nd held exactly 2 min. on a water bath at 50{‘C for color develop-
ment. The samples are then cooled 10 min on a water bath at 18°C, and
the color intensity then measured photometrically. An Eppendorf photo-
meter was used, and readings were made at a wavelength of 5090 Z, after
adjusting the instrument to 100% tfansmissibility with a pure benzene-
methanol mixture. Loftus Hills (25) designates a wavelength of 5050 2
as the absorption peak for ferrithiocyanate, while Walsér (43) reports a
wavelength of 5150 z- |

In view of the greater possibility of error in the range of a low
Fetrtt concentration, 9 readings each were made at 20 and 40Y/20m1, to
readings each at 607/20m1, and 3 readings each at 80, 100 and 120Y/20m1.

The average values illustrated in a diagram exhibited a certain amount
of scattering and were checked by the compensation and calculation method
for conversions with a linear course according to Dannacher (Walser (35)).
The formula used for calculating Ehe Fett amount corresponding to the
measured extinction value reads as follows:

x'= 559503+ 0-00927

Course of the Investigation

0.25ml of the clear butter oil, which could be obﬁained by heating and
centrifugation at 3000 rpm, was filled up to the marking with the benzene-
methanol mixture in a 100-cc glass flask with a ground glass stopper, 0.1ml
ammonium thiocyanate and 0.1lml ferrous chloride solution were added, and the
mixture was tfeated further as was already stated during the construction of

the calibration curve.
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Measurements of a fat-free sample and a reagent-free sample were carried
out at tﬁe same time, and these two extinction values were subtracted from
the first measurement. The resulting difference of the extinctions could
be calculated as Fet with the aid of the above formula.

It is customary to eXpress the peroxide value in milliequivalents of

oxygen per kg fat. To calculate this value, the following formula was
used:
) - Fe""'H'
Peroxide value 2 Fat X 55
The individual peroxide values listed in the following table (Table 1

are calculated mean values of 3 measurements,

c) Determination of Carotene

The method of MUller (29) was used, but some modifications were intré-
duced. Since the butter investigated contained only pure B-carotene, a
spearation (differentiation) into different carotinoids and vitamin A esters
on a chromatographic column was not necessary. C#rotene losses, which in
this metﬁod, after chromatography, may amount to 8~12%, were'thus avoided

| .
in this manner,

The study was carried out as follows: 2-3g butter was dissolved in pet-
roleum ether, the solution was concentrated to a few cubic centimeters by
heating under nitrogen, and saponified for 5 min. on a boiiing water bath
with 10cc IN ethanolic KOH. The contents were poured into a separating fun-
nei, the glass flask was washed twice with75cc ethanol each time, and the
combined ethanolic extracts were diluted to 50% with distilled water and

transferred to a separating funnel., The alcohol-soap mixture was then mixed

13
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with 10cc gasoline (benzine) and shaken strongly for 2 min. After separation
! ‘

of the layers, the ethanolic soap solution was removed, and the carotene-

gasoline solution washed with tap water until the wash waters were clear and

filtered into a measuring flask over sodium sulfate for drying. The above

light. The photometric measurements and evaluation were performed in the

same way as described above during the construction of the calibration curve.

Personal Studies

In the first test, carotene-free butter was compared with butter con-
taining two different carotene concentrations, which amounted to 8Y/g
(corresponding approximately to the maximum carotene content found in nat-
ural butter5 and 167/g. As can be seen from Table 1 and Fig. 4, the peroxide

values of carotene-containing butter samples, which were exposed to day-

light, were lower, up to the 13th day of storage, than those of'the carotene-
free comparison butter. However, after 16 days of storage, the peroxide values
of the carotene-containing samples were 3 times as high as those of the com-
parison samples. It is interestin to note that the peroxide values of

butter with a carotene content of 16Y/g lay constantly at almost the same
distance below the peroxide values of butter with a carotene‘content of

r
1
[
i
{? operations were carried out in a nitrogen atmosphere under exclusion of
[
i
2l
H‘ A\
oy
~
-
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; “ber die Rolle des ji-Carotins bes der Oxaddntion ven Buter. 13
rastet .
Tabelle 1. Vergleich zwischen carotinfreicr Butter und
soleher mit einem ('ﬂl'ut|!|u¢-l‘|;'}}'\'('|| Sy bzw ltx:',:‘-:‘ vealues
- / Peraxydwerie /7?."0)1 de 4-—6--'
Sy Prohennlime am . T - . -— - -‘ oo '- -
alufpl:rl'i o curetinirel =~ Caratin Mo Caritin
(/ 'n) (lxg‘/!fminnsvnlauf i diffusen Tageshieht bei 147 ©
A reparatien R i N
Téog T L’;zcuu\mu ........... 1.152 1.152 1ha2
10, TG oo rgrrorvroerrenreess 2146 | ) (AN
13 . dag 2,146 1.533 1.2as
16 o oL 1842 6.129 5514
10, o e 1.495 6.250 3.373
({ ﬂ b‘)+ Oxydationsverlaul i Dunkeln bei 14 C
ay ef preparctiey . i _
ng deér ]-é:"zcuglmg ........... 1.152 1.152 1.113
10, TOZ o v v ponnnnnnrnnnsennn 1.152 0.920 0,693
13. r\t{“} .............. 0.612 0,462 0,231
18, 40 eeee 1.075 0639 0,308
19, g covverenecnnnanacnsns 2,146 0,997 0,77
Table 1

Comparison of carotene-free butter with butter containing 8Y/g and
16y/g carotene. ‘

a) oxidation in diffuse day light at 14°¢.
b) oxidation in the dark at 14°C,
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Figure 4

Oxidation course of carotene-free butter and butter with a carotene
- content of 8 and 16 ./g.———carotene-free; -----8y/g carotene;
wwv-~/v-~167/g carotene
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Among;the samples stored in the daqg, those frée of carotene had higher
peroxidevvalues in all measurements. In the case of carotene-containing
butter, samples with a concentration of 8f(g showed a greater susceptibility
t§ oxidation than those with a concentration of 16v/g.

L

A different course oéroxidation was noted after addition of 0.02 mg

ascorbic acid to 100g butter, as shown in Table 2 and Fig. 5. These samplesl
and those in the following tests were subjected to oxidation after being
enciosed in small glass tubes. The induction period was reduced (shortened)
to 6 days, énd in the following tests to 3 days. Ther peroxide values of
carotene-containing samples exposed to light, after a steep increase, were
also 407 lower than those of carotene-free comparison gém;les; During
storage in the ‘dark, a slight increase (lengthening) of the induction
period was noted. The peroxide values of carﬁtene-containing samples,

which on the 9th day of storage were still less than half as great as those
of comparison samples, rose rapidly around the 10th day and were 50% higher
on the 1lth day tﬁan those of carotene-free comparison samples. All these

. | v
observations show a direct participation of carotene during the oxidation

of butter.

\E 16
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» Tabelle 2. Oxydationsverlanf nach Zugalje von 0,02 1<g Ascaor.
- biusiture, 100 g Butter / .#‘
/4 o

1S
A - -.(Dalu p e 047 Prulenatiue am - X/——_X‘flﬁﬂz‘“ﬁ'ﬁz/f‘g“'ﬁ,"‘
ii . / j ohne Carotiv - mit Carotin :
& . N . . . :
: a/a f f’? ﬁc/qu’c” a) Im diffusen Tageslieht hei 14°C
- J’ Tag der Erzeugung oo .oviiiiiiiiiaianan., 0,539 *4.334
) L T 1455 .« 0,770
; N K Al 2376 1 1,298
- 2 8,425 4,078
‘j b} Aufbewahrt i Dunlkeln bes 147 ¢
QJ //'l’fc"‘ l"aTng der Ereengung .. oooooiiiiaia 0530 0,539
5 B ¥ 1.151 0,539
]9. ve S QJ'. ......................... 1.763 0,616
) 1.455 2,376 N

P

Table 2
Oxidation course after addition of 0.02mg ascorbic acid/100g butter.
a) In d1ffuse daylight at 14°C.
b) Stored in”the dark at 14°C.
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Abb, 5. Oxydationsverlauf nach Zugie von 0,02 g Ascorbinsiiure/100 g Butter. N
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Figure 5
butter.

Oxidation course after addition of 0.02mg ascorbic acid/100g
carotene-free; =------- 8y carotene/g.
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In order to obtain more precise information on the role of carotene

i

in butter oxidation, both the peroxide values and the corresponding carotene

content were determined in the following tests.

by

ithin were used as additives, i.e. all products which are known to act as

pro-oxidants (oxidation promoters).

Carotene and Copper

Copper was added in a concentration of 0.03mg/100g as copper lactate.
After a short induction period of 3 days (Table 3, Figure 6), the peroxide
values of carotene-containing samples rose steeply under the effect of
light up to the 5th day, but were still lower, by the almost equal amount

of 0.6 milliequivalent oxygen, than the comparison values of carotene-

Copper, diacetyl and lec-

18/9

free samples. The carotene content showed, up to the day of a rapid oxidation

increase, a relatively steep decline (drop), and from that moment on it

dropped only to a slight extent.

Y - . RIS ‘E’“.\a- R .;.“‘. T.‘-..:"';.. ::»- .-’ - B cnVezse
TR TIPS N
R HMoud carcteae " 2T T LEGST T T b
I Pl e ‘ _ ﬂa/c:(, e o
. 16 - Wolfgaug Schuller
AN Tabelle 3. Oxydagionsveriauf nach Zugabe xon 0,03 nig Kupfer -‘
S | pro 100 g Butter / e Fh c,‘-ﬂ;f'e,,y
. N/ / .
N / \\ v]’cmx)d‘?}t{
o y Probenahme am IRl SR oL
_'- - _"‘ - S aa ’ﬂf on ohne Uarutin mit Carotin v Carotin'g
e a) Ausgesetzt dem diffusen Tageslicht bei 147 C
LIIGJ‘;Z .—s Tag der Erzeugung ........... 0,339 a3 8.04
SN 3. TG qeevnpecnnnennaeennn 2850 0 LI 1 586
P¢ ‘f‘,‘m’j'é" s, r/.q?._ ........... 4,398 EXIC O Y
T - T A e, 6.339 . Gl9y | 5.93
' b) Aufbewahrt im Dunkeln bei 34°C
Tag der Erzeugmung ...o....... 0,539 ' 0.539 8.04
V B R ' 0,612 0462 .60
+ ! 6. Nday 0 1,760 }l,:{Sﬂ i 6,34
p) L 2,205 2043 6.33
- ) S 6,585 4440 i 623
+ ”»

Oxidation course after addition of 0.03mg Cu per 100g butter.
a) Exposed to diffuse daylﬁgh; at 140C,

b) Stored in the dark at 14°C.
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Figure 6
Oxidation course after addition of 0.03mg Cu/l00g butter.
: ~————— carotene-free; =-=------ 8% carotene/g; . corresponding
‘ carotene content.
.
;'r1 : ’ Samples stored in the dark showed a similar picture, and the induction
F"’-\\ period was longer. The peroxide values of the carotene-containing samples
‘ never exceeded those of carotene-free samples, and, on the contrary, lay
g at their highest point even below, by 2.1 milliequavalents of oxygen, those
o of comparison samples. The carotene content again dropped considerably
until the day when oxidation greatly increased, but still not in the same
~ ‘ V
-  measure as in the samples exposed to light. During the steep rise of per-
J? § ' oxide values, the losses remained slight.
N Carotene and Diacetyl

After addition of 0.1 mg diacetyl/100 g butter, the induction period was
also equal to 3 days in the samples exposed to light (Table 4, Figure 7),
whereby an increased carotene breakdown was noted. From then on, the caro-
tene content remained almost unchanged. The peroxide values of carotene-
containing samples were higher by about 0.4 milliequivalent oxygen, than

those of the comparison samples only on the 5th day.
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ohue Carotin ' mit Carotin ! o Larutingg
a) Ausgesetzt dem diffusen Tageslicht bei 14°C [a//'c.'h"'“'
‘/:-7 '2 u‘—, Tag der Erzeummrv ........... 534 : (1,539 . 8,04
3 Tag ome i L6100 & oGuz 6.53
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3 N G APRROROR 221 20 g
5. oo 3210 | 5514 1 650
b) Aufbewahrt imi Dunkeln bei 14°C
Tag der Erzengung ......... .. | 0330 ¢ o334 8,04
3o Tag oo oo o 0233 0054 .68
: v '§ B 34 . 0462 517
9. . 097 160 7.23
10, o, wasd T 206y .16
T———— : -
Table 4
“
' Oxidation course after addition of 0.1mg d1acety1/IOOg butter.
,'{T a) Exposed to diffuse day light at 14 Cc.
¥ b) Stored in the dark at 14°C.
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Thé induction period in the dark lasted for 6 days. Only after this

time did ‘the peroxide values of the carotene-containing samples exceed
. those ofjcomparison samples, and on the 10th day were already 4 times higher.

The carotene content dropped in the same manner as in the samples exposed

3y Y T 1)_1 - |

to daylight, only to a lesser extent.

o
e

Carotene and Lecithin

Lecthin was added in the amount of 0.2g/100g. Under the action of

diffuse daylight (Table 5, Figure 8), the peroxide values of carotene-
’

containing samples, after a 3-day long induction period and during the time

the oxidation increased, lay below the comparison values by the almost

B

g

constant amount of 0.7 milliequivalent,

During dark storage, the peroxide values of the carotene-containing

samples, on the 3rd day, were lower than those of carotene-free comparison
samples by 0.8 milliequivalent, exceeded these values on the 4th day, and on

the 5th day of storage were higher by 1 milliequivalent.

N

In both cases, the carotene breakdown was estensive, but was consid-

gﬁ erably slower after the peroxide values increased.
. [
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.
Tabelle 5. Oxvdationsverlauf nach Zugabe ven 0,2 ¢ Lezithin - o

pro g Butter /

l"‘rg))‘d\'-'t'ﬂ(' L \H‘) CAre c'j;n 2.
1 Profwnalime am Xh_ T T “_l “ . '. /L;._ 7'_,';_
N ’ ohpe Carotin it Curonin o Cari tin

J_alu’P - ”? - e Ca/c.'/'ent 3

) Ausgesetzt dem diffusen Tageslicht hei 14 C . 9

[4 K!J F prepoy, ;qc,, . - ' ‘ i
Tay ‘K-r'jirzougung ........... 4.539 ! 0,539 ! S04 F

3 TAG o gevvmrennnrnennens 1841 | L0748 o 664 -

y o oNdeaq 3.677 | 2.988 6,22

B eeenn £ 5822 | 5036 G 6.04 ;

t/ ’ ﬁ repara, 1o b) Aufbewahrt im Dunkeln bei 14°C F
oy e ‘ . » . ; - 3
der Erzeu . SN 1.539 [ 0.539 ; B, 3

: nggra gun ............ 1.305 ;. 0.339 6,84 -
o Ry Lors . 2149 1 667 '
5. o 3218 | 4289 1 6,50

e e . ' - ¥

Table 5

Oxidation course after addition of 0.2g lecithin per 100g butter.
a) Exposed to diffuse daylight at 149cC,
b) Stored in the dark at 14 C.
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I v in,100 g Butter.
3 8. Oxvdationsverlauf nach Zugabe von 0,2 g Lezithin/100 7 - - 5
i Abb. 8. O da“ﬂ -------- sy Caroting, - —-—" — jeweiliger Carotingehalt L, b
.. ' -

Figure 8

Oxidation course after addition of 0.2g lecithin/100g butter.
carotene free; ~---~-~ 8
carotene content.

carotene/g; +—¢ —¢ — corresponding
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A quparison of the curves obtained in the tests discloses some inter-

esting details. By and large (in general), the course of oxidation can be

differentiated (separated) into two types according to the mutual position
Ed B

¢

of the curves:

[~

. ' ‘ Discussion of Results
1
3
; a) The peroxide values of carotene-containing samples are lower during
the entire course of oxidation.than those of carotene-free comparison

Y‘ samples. The latter thus have a greater susceptibility to oxidation.
I

Under the effect of light, this fact could be noted in samples containing

'Yf additions of ascorbic acid, copper and lecithin, while in the dark it was
£y

observed only in samples containing copper as an additive.

’igj b) The peroxide values of carotene-containing samples exceed those of

i; ,/-\\ carotene~free comparison sampies only after a certain pefiod of time has
{q lapsed,

e

Under the effect of light, such a course was noted in samples containing

0N
Pt e
g

added diacetyl, while during storage in the dark it was observed in samples

containing added ascorbic acid, K copper and lecithin.

Reinart (27) used in his tests butter fat enclosed in small glass tubes

{‘ and subjected this fat at room temperature to the action of diffuse/daylight.
‘ {?Wﬂh The amount of carotene added was 0.02%. The Lea method used for peroxide
) determination is not as sensitive, however, as the ferfithiocyanate me thod. )
‘ ET In spite of this fact, the peroxide values of carotene-containing saﬁples
“ r‘1$ were also lower than those of comparison samples until éhe 10th day, ‘and
"té exceeded the latter only after the 15th day. A similar.agreement with our
{” . own studies is noted in thersamplés containing added diacetyl, although the
((’-\ﬂ amount of diacetyl used is considerably greater than the natu;ally occuring
1
- 23
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content of this product in butter, Here also, a lower oxidizability was at

first noted in-carotene-containing samples, which after 25 days of storage

exceeded that of carotene-free comparison samples,

An agreement with the results of our own tests was also noted in di-
acetyl-containing butter stored in the dark.

Differences are observed merely in time, wh1ch can be attributed to
the type of treatment of the fat and also the mode of storage. Reinart
ueed pure butter fat without any addition of water, whereas our own studies
were pertormed with butter having an 18% water content,

Thompson and Steenbock (33) used a Wafburg respirometer in their studies.
In this instrument, a definite amount of fat is subjected to an oxygen pres-
sure at a definite temperature. The manometrically measured pressure drop
is taken as a measure of the oxygen absorbed by the fat undergoing oxidation.
The experimental amount used in this case was lg with a carotene addition of
250 , equal to 0.025%, while the maximum content in milk fat is only 0.0008%.

From the increased oxygen consumption of the carotene-containing samples,
the above authors concluded that these samples exhibited a higher (greater)
oxidizability of fat. However, ehe results thus obtained ihdicate merely
that fat with a carotene content of 0.025% absorbs more oxygen than carotene-
free fat. sStill unresolved, however, is the question as to how much of the
absorbed oxygen was required for the carotene breakdown, especially since
such a breakdown is entirely possible and independent of the fat oxidation
at the operating temperature of the Warbufg respirometer of 37°C and the
oxygen pressure present under these conditions. It is possible'that a

clearer picture could have been obtained if, along with the amount of oxygen

-absorbed by the material investigated, the simultaneous carotene breakdown
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could also have been determined.

The Wgrburg respirometer was also used in the tests performed by Schulte
and Schi#linger (30), the purpose of which was to gain a knowledge of the
combined (coupled) autoxidation of fats with vitamin A and its provitamin,
B~carotene. The vitamin concentration amounted to 15.10.“6 moles in 2 ml

ester. The results of these tests also showed a higher oxygen absorption

s

P
~§ above authors could possibly also allow a comparison of the processes taking
ff place during the breakdown of fats on the basis of the extent of vitamin
: decomposition. Such a defermination, however, would be marked by a certain
2 amount of uncertainty, since no exact information is yet available on the
- stoichiometric ratio of the reaction between vitamin A and oxygen, and also
! because we have to assume that certain'secondary reactions playing apart in
P-f’—‘\ oxygen consumption are_taking piace.

The following tabulated data provide an interesting insight into this
p-

problem,
Oxygen uptake and vitamin A aéétate decrease (drop) of a solution of

- |

vitamin A acetate in a 1:1 mixture of laurate and oleate esters at different

vitamin A concentrations after 6 hours. (Copy headings and figures in table

at bottom of p. 21).

g?-ﬂg‘ The percentage vitamin losses are the same in all 3 cases. However, when
- converted to individual vitamin concentrations, these amoﬁnts would be equal
i to 2.1.10*6, 4.5.10“6 and 8.7.10-6 moles/batch. This progressive vitamin A
,‘1ﬁ decrease is contrasted, however, only with a linearly higher oxygen uptake.

’ It could be assumed that the resulting oxygen requirement for vitamin A

'1 -oxidation is not fully satisfied (mét) by the further uptake of about 20
;(’-\3 microliters, and for this reason less oxygen is available forkfat oxidation.

- h 25
-

(uptake) of the carotene-containing samples. The values determined by the L
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Similar observations were made during our own tests (see Fig. 4), where the
peroxide values of samples with a carotene concentration of 16 y/g butter were

always lower than the peroxide values of samples with a carotene content of

8 y/g butter.

The carotene determinations performed in our own studieé, along with the
measurement of peroxide values, provided a possibility of comparison with the
already mentioned results obtained by Holmann (10).

The investigations carried out in the present study were concerned only 1
with a determinatidn_bf the first signs of oxidation, namely peroxides. However,
also during this stage, considerable caroteﬁe losses could already be noted.
These losses amounted to 20-35% in samples exposed to the action of daylight,

and to 11-23% in samples stored in the dark. 1In all cases, however, the

‘peroxide values increased only after a relatively great drop of the carotene

content had taken place.

Diemayr et al. (5) used model esters in their determinations; 5 cm3 of the
ester, with 2.5 mg B-carotene, was aerated with oxygen at 94° C. 1In view of
the high témperatﬁre and the strong effect of oxygén, it ié entirely possible
that, in regard to peroxide formation, a similar situation could have occurred
after 30 and 60 minutes as the oge encountered in our own samples stored in
daylight (Fig. 4) only on the 16th day of storage. Determination of the
oxidizability was done by determining the per&xide numbers according to Lea.
According to Walser (35), however, a certain amount of subjectivity in this
method cannot be denied, and the method also does not possess the required

sensitivity, as was already stated above.

According to the results obtained by Hinko (9), with the additional uptake

of oxygen in fat in the presence of carotene, a breakdown of the latter takes

place simultaneously. The above author further reports practical experience

showing that carotene provides a certain amount of protection against oxidation
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in stored fats.

An interesting possibility of comparisqn is provi&ed by the study of
Cheval}er (4), who, as was reported above, found that carotene exerts a
pro-oxidant effect under the action of light and an antioxidant effect in
the dark. These fesults were obtained by subjecting 10 mg triolein to
oxidation in a thin layer at 40° C. Some of the samples contained 50-80 y

of B-carotene. The effect of light was achieved by using a mercury vapor

4 o :
- lamp, restricted with a filter to a wavelength of 3400 A. The samples stored

in the dark gave the following results:

Hours \ 1 2 3 4 .5 10 15 17
Triolein & carotene 0.87 0.79. 0.76 0.71 0.68 0.71 0.74 0.80
Triolein '

The oxidation quotient of samples stored in the dark shows the antioxidant
effect of carotene, which decreases, however, with increasing duration of time
(in the same way as in Fig. 4). On the other hand, the oxidation quotients of

samples stored under light exposure were:

Hours 1 2 3 ' 4 5 6 . 7 8
Triolein & carotene 1 1.17 1.25 1.28 1,30 1.29 1.19 1.26
Triolein !

We must assume that, as a result of the very intensive irradiation, the
okidation values of carotene—containiﬁg samples reach already after 1 hour, the
same level as that of carotene~free comparison samples, and then start to rise
later, a condition which occurs only on the l4th of storage with samples of ~
our own test (Fig. 4), which were stored at a much lower temperature under the

effect of diffuse day light.
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Summary

1. Im ordef to determine whether or to what extent B-carotene plays a
role in the oxidation of butfer, comparative studies were carried out on
model butter, with or without carotene and with or without different additives.

2. In butter without any kind of oxidation-promoting additive, an oxidation
inhibiting effect of carotene was noted until the 13th day during storage at
about 14° C in diffuse daylight. Only from the 13th day on, did carotene .
exert a pro-oxidant effect. In the dark, the antioxidant effect of carotenel
could be detected during the entire investigation period of 19 days.

When samples with different carotene concentrations were used, those with
a lower carotene content had a higher susceptibility to oxidation. |

3. During the induction period, in all samples tested, the peroxide values
of carotene-containing samples were lower than those of carotene-free comparison
samples.

4., Samples containing added ascorbic acid, lecithin or copper consistently
exhibited an oxidation-inhibiting effect in daylight. In the dark, such an
effect of carotene was noted only in samples containing édded copper.

5. An initially oxidation—i;hibiting, but later an oxidation promoting,
action of carotene was noted in butter samples containing added diacetyl, both
during storage in daylight and in the dark; a similar behavior in samples
containing added ascorbic acid or lecithin was noted only in the dark.

‘6. Carotene breakdown was intense during fhe induction period, but
diminished during the course of progressive fat oxidation. |

7. From the above facts, we might draw the conclusion that carotene
represents a protective factor for fat during the induction period by acting in

such a way that it protects fat from oxidation by capturing oxygen activated

by light energy or various oxidation promoting substances, but at the same time

28
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itself undergoes a partial breakdown. It is possiblé that only the breakdown
products thus formed become involved as oxidation factors in the further

processes of fat deteriorationm.
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.~ Uber die Rolle des p-Carotins bei der
‘ Oxydation von Butter x
\Voligmlg/Schuller

Aus dem Institut fur Mifchwirtachaft und lmul\\'irlsclm[%liche
Mikrobiologie an Jder Hochsehule fiir Bodeukultur, Wien
(Vorstaud Prof. Dr. A, Zeilinger)

(Eingelangt am 10, Jinner 1957) \

Einleitung
Yerschicdene sSubstanzet, die dureh die Art der Milehbehand
lung Bu(,tvrlwstnmll(-ih- geworden <ind, wie auch solehe, die in
der Mileh und im Milehfett patiirlich vorkommen. beeinflussen
den Ablaunt der Autoxydation des Butterfeties, Je nach der Arvt
ihrer Wirkung spricht man von 1"vo- oder Antioxydanticn. Zauhl-
veiche wissenschafttiche Arbeiten heschiiftigen =ieh mit deun OXy-

dationshemmenden und -firdernden verhatien dieser Stoffe. Die.

VPorschungsergebunisse iiber die oxydative Milwirkung verschivdener
Vitamine widersprechen jedoch cinander.

Aufgabe dieser Arbeit sotlte es cein. die Frage.in weleher Welse
tas g-Carolin an der lh\llvrl'otl-‘\mn.\'_\'d;\liuu Anteil hat, emer

Klirung i herzubringen.

Stand der Frage und Problemstellung

Das Wesen der sutteroxy dation Bestehf in der Anlageruny von
Sauverstoff an dic Doppelbindungen der ungesiittizten Fvll.\‘:‘i.\m'rn.'stc
dureh Bildung von Peroxyvden und in der Jdaranifolgenden Spaltung
dor Fettsiinreketten unter Biliddung von Aldehyden und Ketonen, Dev
Gehalt an Fettsiaren it doppelt gobundenen - Atonmen gil\ nls pr-
miiver Faktor der Osvdiorharkeit, Diese Fettsiiuren zeigen infolee threr
Ungresiit timtheit x'int‘.urnli-‘ lh'uklinns‘|u'l'-'ilsvhuf(. sie werden alson
) !

2 Wolfgang Schuller

erster Linie oxydiert und vxydieren-in einer Art Kettenreaktion die
anderen Fettsiuren mit auf. .
Diese katalytischen Vorginge werden nach Greenbank (7) durch

. die Anwesenheit freier Fettsiuren gefordert. Von den gesiittigten Fott-
_siuren gelten hochmolekulare als gefihrdeter als niedermolekulare. =~ —-

Thome (32) und Mattson (20) fanden Zusarnmenhinge zwischen

. dem Gehnalt der Butter an ungesittigten Fettsiduren und der Lange der
‘ Oxydat-ions~1nd\1ktions-Pericv(lc. Zwischen dem Grad der Oxvdighkeit

wnd dem perzentuellen Ciehalt an unpgesittigten Fetesiuren konnten
keine direkten Zusamnienhange fostgestellt. werden.

SchmalfuB (29) machte die Feststéllung, daB auch Fette, die aus-
schlieBlich aus gesiitrigten Fotrsiiureanteilen hestehen, der Oxvdation
. anheimfallen kénnen.  Die induktionsperinde  war von entsprechend
! lingerer Dauer.

Reinart (26) macht fur die Oxydmiunsum'iilligkcit Jdes Butterfettes
die hochungesittizten Fettsiuren der Reihe Ceo— Caa verantwortlich.

Der Oxydation des Rutterfettes durch Licht liegt eine Art photo-
chemischer Vorginge zugrunde, die het quuntenhafier Absorption des
" Lichtes folgende vou Dohmcer und GroBfeld (1) veranschaulichte
Kettenrcaktion cinleitet.

1. F - hv—»F.
2 F - 0,->FO,
3. FO, + F = FO, + F.

PDas Fettsitureinolekul () wird durch cingestrahlte Lichtencrgie- thv)
zur Sauerstofianlugerung (702 aktiviert. Divses angeregte Peroxyd
giby die Reaktionsenerzie weiter und wird =0 zum normulen Peroxyd.

Nur ungesittigte und aromatische  Verbindunzen konnen nach
Eggert (6) im sichtbaren and ultravioletten Wellenbereich das Licht

absorbieren. Anreghare Llektronen bLefinden sich an den chromophoren

Giruppen, deren cine tiatiing, Jdie Athylengruppe . =( —, Baustein
der ungesdttigten Fettsiuren. aber auch des Carotins ist.

wYach Schmalful {2%) erreichen ungesittigte Fotrsiuren bei Be-
strahlung mit Licht von ciner Wellenliinge anterhalh 4100 A eiue deut-
liche Ox)fdu.xionsunfixlii;_'keit.

Der Oxydatinnslwsch!cuniuun;: Jureh Lichtemwirkung unterheysen
besonders konjuen: Fertsuuren. Lembke (1680 pelang os, konjuene
Fettsiuren in der Butter pachzuweisen und zu bestimmen.

Pont (23, 25 stelite in von direktem Sonnenlicht und Jdiffusem
Tegeslicht bestrahlten Milehproben die axydige (ieschinacksverschlech-
terung fest.

Der Sauerstoffpchalt der Butter ist ebenfalls von groBer Bedeutung
fiir ihre nydminusm|fﬁlligkcit. Entyegen der fritheren Arnsieht, daB das
dispergierte Butterwasser i erster Linie als Saucrstofftriger in Frage

6181
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Uber die Rolle des j-Caroting bei der Oxydation von Butter -3

kame, zeigten Untersuchungen von Loftus Hills (17), daB Suuerstoff
in flissigem Butterfett 2w 2,55 m)j100 g Fert loslich ist. Plastische

Butter enthalt his zn 55, flissiges Fet

Chalmers (3) weist besonders auf

l. )
die verschiedenen Milehbohund.

fungsarten (Pasteurisicren, Evaporieren) hin, die den Sau-rstofiuchuln
des Milchfettes und damit der Butter veriindern kounen. Er verweist
ferner auf div groBe Bedeutung der reduzicrenden Bakterien, durch deren
biologischen Saucreioffbedarf nur mchr wenig O, fiar den chemischen

Sauerstoffbedarf zur Verfligung steht.

)‘(J. Das Butterwasser kann in seiner
) ferner aher wepen der Méglichkeit des Gehaltes an Schwermcetallspuren

und verschiedenen pmnxy«]ant wirken
ablauf wirksain cingreifen.
Greenbank (7) zeigte. daB Butter

Funktion als Saunerstoiftrdger,
den Salzen in den Oxydutions-

it niedrigem Flissigkeitsgehalt.

zur Aldehydhildungz und eine solche mit eincm hétheren Gehalt zur Sédure-

bildung neigt.

Die prooxydante Wirkung von Natrium- und Magnesiumchlorid
konnte Loftus Hills {17) nachwejsen. : - \
Infolge des Kontaktes von Alilch und Milchiett kann der Gehalt an

Metallionen ither das normale MaB hina

us anwachsen.

Besondere Bedeutung kemint den Schwermetallspuren zu. Von
allen Metallen gilt Kupfer als der stiirkste Sauerstoffiibertriger. Nach
Chalmers (3) wirken die Kupfer-Ionen, die sich um das Fettkiigelchen

lagern oder in der Rutter dispers verteilt
als Katalvsator.

sind, den Sauerstoff aktivierend,

Beobachtungen adhnlicher Art machten Tollenaar (34). Green-

bank (7). Pont {24) und Krukowsk

Natiirliche Bestanitcile konnen als Oxydationsregler oder Kata--

v (14).

lysatoren mafgebend am Oxvdationsablauf beteiligt sein. Von diesen
seien zuniichst die Phospholipide erwihnt. Ihr Gehalt in der Butter
liegt bei 0.020,. Sie umgeben das Fettkiigelchen nach King (11) in
einer geschlossenen Schicht so. daB ihre Fettsiureanteile in die Fett-
phase reichen und die hydrophilen OH-Gruppen der Phosphorsidure
gegen die umzebende wiBrige Thase gerichtet sind. Aus dieser Anord-

nung kaun der Schlul zezogen werden,

daB die Phospholipide als Sauer-

stoffiibertriiger sus der wiiBrigen Phase in die Fettphase fungieren:
Auch fallen sie nach, Greenbank (7) wegen ihres Gehaltes an hoch-
ungesiittigten Fettsiiuren leicht der Oxydation anheim. .
Lea (13) mift den Phospholipiden als Prooxydantien des Milch-

fettes ebenfalls Bedeutung zu. Allerdn
I::_ipoprotoinknmplex befithigt, wesentl
einzugreifen.

1ws seien sie nur als sogenannter
ich in die Oxydationsvorginge

Im dispergierten Zustand sind sie unwirksam. In der Butter treten

sie wegen ihres geringen Vorkomine

15 gegeniber hochungesattigien
1.

4 Wolfgang Schuller

Fettsiiuren kaum in Wirkung. Es konnte sogar in Verbindung mit

Tocopherol cine oxyvdationshemmende Wirkuny festgestellt  werden.

Wirkung zeigten unter anderen Schulte und Sehillinger (30) in ithren
Versuchen iiber dic Oxydation von Vitamin A und Carotin.

Nach Reinart (28) besitzt Tocupherol eine oxydationshemmende
Wirkung. Diese tritt aber wegen der niedrigen Konzentration in der
Butter (2,3 77/100 g) kawm merklich in Erscheinung.

bei Milchfety durch 2.614 Tocopherol/100 ¢ Fett trotz Zugabe von
1 mg Kuprer/l. :

Bei der Siuerung des Butterungsgutes wird von gewissen daromi-
bildenden Bakterien das Diaceryl gehildet, Es ist ein Diketon, das sehr
leicht reduziert wird und aus diesem Grunde seine Umgebung oxydiert.

Neben einem oxvdativen Angriif auf die Butter. stelite Reinart (27)
auch cinen solchen auf Rutterfarbstoffe, wie Carotin und Bixin, fest.

Nach King (12) reagiert Diacetyl als Wasserstuffukzeptor. Wasscr
fungiery als Wasserstoffdonator, withrend ungesittizte Fettsiduren uned
Butterfarbstoffe den Saucrstoff aufnchmen.

Gyllenberg (8) untersuchte die Wirkunz des Vitamin C in Milch-
produkten. Den Ergebmissen zufolge liegt wahrschemtich der Grund fie
die Bereitschaft des Vitamin (', die Oxydation zu hemmen, mo~one?
leichten Oxydierbarkeit zur Dehydroascorbinsiure,

Ergebnisse von Greenbank (7) stuimmen damit iiberein. Ascorbin-
sdure bietet besonders geuen durch Metallinfektion  hervorgerufeno
Oxyvdation Schuiz.

Krukow=ky (14) und Mitarbeiter lirferten  wertvolle  Einblicke
in die Art des Ablaufes der Oxydation von Ascorbinsiure zur Dehydro-
ascorbinsiure und deren Zusammenspicl mit der Oxydation des Fetwes,
Nur ein bestimmtes Menuenverhiltnis swischen Ascorbinsiure und ge-
lastem Sauerstoff vermochte das Auftreten des Oxydationsgeschmackes
zu verhindern. o

CroBes Interesse erweckt dus oxvdutive Verhalten des Vitamin A.
Besonderes Augenmerk gault aber der Wirkung des j-Carotins.

Thompson und Steenbock (33) fithrien Versuche iiber dio ge-
kuppelte Carotin- und Fertoxydation m  Schralz, Olivenol, Baum-
wolldl und Sojasl durch. Gefunden wurde eine Verktirzung der Induk-
tionsperiode der carotinhaltizen Proben gepgeniiber jener der Vergleichs-
proben um 20 bix 40 Stunden. ’ .

Reinart (26) stellte his zum 10, Tayg der Versuchsduuer eine anti-
oxydante und von diesem, Zeitpunkt an eine prooxydante Wirkung des
Carotins fest. -

Schulte und Schillinger (303, die Jas Verhalten des Vitamin-A-
acetats und des (wrotins hei der Feutoxydation priften, fanden vinen

Tocopherolselbst gilt als Antioxydant. Scine oxydationshemmende

Krukowsky (13) und \Mitarbeiter fanden eine Oxvdationsresiztenz. '

L1881
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Uher die Rifle des it ‘aroting Iei der Oayidation von Butter ‘5

erhohten Sguerstoifverbraveh des Fettes in Gegenwart von Vitamin A
und Carotin. )

Holmann (10) verfolgte den Ablauf der Oxyvdation von Linolsdure-
methylester und den gleichzeitigen Carotinabban photometrizeh, Fr
konnte feststellen, daB nabezu das gesamte Caratin abgzebaur worden
ist, ehe 109, die=es Esters oxvdiert sind. .

Diemayr und Alitarbeiter (3) fuhrten thre dic=beziglichen Unter-
suchungen ebentalls an Moieljestern durch.  Gefunden warle vin An-
steigen der Perc sxydzahlen der carotinhaltigen Proben gegenuber dunen
der carotinfreien Kontrollprohicn um 1007, :

Hinko (9) verfolgre neben anderen Farbstoffen auch die oxy dative
Einwirkung des Carotins und stellte bei dessen Anwesenheit eine crhohte
Saucrstoffauinahme fest.

Chevalier und Mitarheiter 4) fanden ein antioxydantes Verhalten
des Carotins in der Dunkelheit und ein prooxydantes Verhalten bei
Lichteinwirkung. '

Chalmers (3) zufolge kommt dem Carotin beim Fettverderb eine
oxydationshemmende Wirkung zu.

Die teils sich widersprechenden Ansichten, gewonnen auf Grund

* yerschiedener und vielleicht auch nicht immer glicklich gewidhlter

Methoden und - Verfahren, gaben AnlaB. die folgenden‘l'-mer—\
suchungen in Angriff i nehmen. '

Die Versuche sollten an reinem Butterfett vorgenommen werden,
und die zugesetzten Carotinmengen nicht die natirliche, in der
Butter vorkommende Konzentration itbersteigen. Letztlich sollte
eine empfindiiche Methode der Peroxvdmessung diese Frage kliren
helfen. ’

Methodischer Teil
) Herstellung einer carotiufreien Butter

Zur Ermaglichung eines genauen wiudiums iber die Rolle Jes
Caroting bei der Oxydation der Butter erscheint es zunéchst not-
wendig, ¢ine Butrer, frei von Carotin. Diacetyl und Plospholipiden,
zu erzeungen. Dieses Produkt <ollte auber auch, insbesondere in seinén
sonstigen chemischen und physikalischen Eigenschaften, wie z. R.:
gleiches Mengenverhiltnis der Tettsiiureanteile, Wassergehalt,
Wasserverteilung und Sueuktur, einer normalen Molkereibutter

gleichen,

Es bestand zlso nur die Moglichkeit, frische Butter mit mog-
lichst schonenden, oxydationsueutralen Mitteln so zu behaudeln,
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daB sie den verlangteu Erfordernissen entspraeh. Die rein chemi-
sche Entfernung des (Carotins gelingt war dureh Verseifung des
Fettes. Eine Rickfilrung der Seifen in Butterfett wiive ans tiriin-
den der Fettschonung nieht mehr angebracht gewesen. Jedoeh ge-
lang es. nach Rohmer und tiroffeld (), das Carotin duarch.
Adsorption an obertlichenaktive Stoffe zu binden, Diese Methode

Abb. 1. Waschilusehen mit Pyr enilol uud Ralilauge zur Reinbenng tdes Ktickstoffes.
1, Apparas zur Her-teilung dder Emulsion

. wird haufig zur Khrune von Fett verwendet. 1land in Hand gebt
damit cine Entfernung der Phospholipide wil des Tocopherols,
Diese Methode crscheint im Prinzip -als fiie den vorliegendeu
Zweck geeignet. ’

Die Ausgungshutter wurde aus frischem SNilrahm von 00
Fett in einem Alfa-SturzbutterfaB aus Glas erzengt, Die anweise
des Fasses verhindert sden [Kontakt dex Butterungsgutes mit Metall
teilen. Um die Evakuierung dox Butterfasses und das Einblasen
von Stickstoff nach der Frillnng zu crmiglichien, wurde vine Zusatz
vorrichtung angebracht. Ferner wurden znm Schutz vor Licht |
einwirkuug die Glasteite schwarz verkleidet.
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Tber die Roll des 7-Carotins bej der Oxydation von Butter 7
Gebuttert wurde bei ¢iner Temperatur von 140 ¢, hix das Korn
Erbsengriobe aufwies, Nach Ablassen der Duttermileh wurde das
Butterkorn mit friselienr Leitungswasser bis zur volligen Klar-
heit des Wasehwassers sewaxschen, nnmittelbar davaufl in cines
verschlieBbaren  Glusgefidl mit 5%  pulverisierter  Aktivkohle

Abb. 2. Burterkneter aus Plexirlas (Verkicinerung 10:1)

(,medicinalis*) vermengt und im Wuasserbad auf 93°C erhiizt.
Bei dieser Temperatur warde das Butter-Aktivkohle-Gemisch 20 Min,
unter Liaufigem Rithren und Sehiitteln gehalten, Da sich die Tren-
nung des Butter-Aktivkohle-Gemisches durch Filtration angesichts
dex vrelativ holen Gehalies an Akiivkohle hald als fast anmaoglich
herausstellte und zudem holie Fettverluste mit sich brachte. wurde
versuelt, eine grolwe Vortrennung von Butterfett und Aktivkohle
in der Zentvifuge zu erreichen. Zur Verfiigung stand eine Gerber.
Milehzentrifuge mit ea. 1000 Umdrehungen,Min, Als Zeatvifugen-
rolirchen wurden Reagenzgliiser von W00 em? Inhalt verwendet und
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vin hiczu passender Einsatz angefertigt. Die Binhaltung der als
zweckmiillig befundenen Arbeitstemperatur von 350 ¢ gewithrleistete
eine aufuesetzte clektrische Heizspirale. Auf diese Weise gelang
es, bei einer Zentrifugicrungsdaner von 20 Min. cine Grobtrennunyg
von Aktivkohle wnd Buiterfett herbeizafithren, Die ansehilicBende

Abb. 3. Ultra Turrax TB 15 2 Emnlzator

Feintrennung erfolgte in cinem Doppelmantel Heilbwassertrichter
mittels eines Faltenfilters Sehleicher & Seliill Nr, 5SS,

Carotin (3-Carotin crist.. synth. Hoffmann-La Roche) wurde
aus frisch erbrochener Phiole dem Fett divekt ziigesetst.

Die genau gewogene Fettmenge wurde in einem Bauknecht-
AMixapparat (Abbildung 1), ausgestattet mit einer Vorrichtung
zum Evakuieren und Einblasen von Stickstoff. mit der bereelineten
Alenge an destiliertem Wasser emulgicrt. Dieser Vorgang erfolgte
im dauernden Stickstoffstrom bei einer Temperatur von 40 ¢, U
die Trennung der Emulsion in cive Fett- und Wasserphase wiihrend
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 Uher dic Rolle des g-Carotins bei der Oxyeation von Butter 9

des Auskithleus zu verhindern, wurde ¢in hesonderer Kuetapparat
verwendet (Abbildung 2y der den Knetvorgang anter Stickstoff-

Catmosphitre ermiglichte, Dieser Kuetapparat war aus’ Plexiglas

derart gefertigt, dald kein Metallteil mit der Butter in Derithvune
kam. In diesem Apparat wurde die Fett-Wasser-Emulsicn unter
danerndem Kueten in Stickstoffatmosphiire zmn Ersineren ge-
bracht, hicrauf ausgestoBen, mit cinem Plexiglasspatel portioniert.
in Pergament verpackt mud <o der Antoxydation sausgeserzi,

Bei denjenigen Versuchen, bei denen das Verhalten des Cuarotins
in Butter bei Anwesenheit bestimmter pro- und antioxsdant wire
kender Stoffe studiert wurde, gelungte eine teilweise abgeiinderte
Methode zur Anwendung:

Der Emulgierungsvorgang erfolgte mittels cines Ulira Turrax
TB 182 Emulgators mit 24000 Umdrehungen/Min. (Abbildung 3).
Eine zusiitzliche Apparatur ermiglichte diesen Vorgang in Stick-
stoffatmosphiire. Die fertige Fett-Wasser-Emulsion wurde in Glas-
rohrchen mit einem Inhalt von 4 em3 gegossen. Sie erstarrte un-
mittelbar darauf, oline ~ich in die zwei Phasen zu trennen.

Die Butter wurde bei 149¢ der Autoxydation ausgesetzt. Ein
Teil der Proben stand unter der Einwirkung von diffusem Tages-
licht, cin andever war in villiger Dunkelbeit aufbewalrt.

b) Messung der Fettoxydation

Der duBerst komplizierte Vorgang der Fettoxydation macht
bis heute eine exakic Messung der Fortgeschrittenheit dieser Reuk-
tionen unmiglich. Man weild nur mit Sicherheir, daB das Anfangs-
zeichen eines beginnenden Oxydationsvorganges die Bildung von
Peroxyden ist, und daB im weiteren Verlaufe Aldebyde und Ketone
auftreten. Die chemischien Oxyvdationsbestimmungsmethoden waren
dalier auf die guantitative Frmittlung der Peroxyde bzw. der
Aldehyde und Ketone geriehtet. Nach Mohr und Eichstitdt n
sollte keine dieser Methoden an Empfindlichkeit dic Sinnesein-
driicke nuxerer Zunge iibertreffen, Xhnlich veferiert Zeilinger
(36), wonach Leispielsweixe von einigermaflen geiibten Kostern
Heptylaldehyd Lereits in einer Konzentration von 1 zu 1 Million
als kratzend. Methylnonylketon in einer Konzentration von 4 zu
1 Million als ranzig empfunden wird.

- - e
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Eine neuerdings entwickelte Methode zur Feststellung der gebil.
deten Peroxyde nach Loftus ITills nund Thiel (18). Loftus
Hills und Wilkinson (1%, Stine, Hardeland, ¢ oulter und
Jeness (31) und Walser (35) weixt eine bereits cm"vtmn-m-
O\\(l.ntmu nach. che noch eine Geschmacksinderung aufectreten
ist. Diese unten besehricbene Methode berult darauf, dall durel
aufoxydierte Fette in ciner salzsnuren Benzol-Methanollisung
Ferrochlovid 'zn Ferrichlorid oxydiert wird und mit bereits vor
gelegtem Ammouniumthioeyanat das rotgefivbte Ferrithioeyanai
ergilit. Die Intensitit der Rotfiivbung wird photometriseh getessen,

" Als Reagenzien zur Peroxydbestimmung nach der Ferrithioevanat.
methode .~md erforderlich:

1. Benzol-Methanol-Cemisch im Verhdilinis 3: 7.

2. Ferrochloridlosun,s.

. 0.4 g Bariumchlorid und 0,3 ¢ Ferrosulfat werden je fur sich in einem
“50-em™MeBkoibehen  welist. Nach (berfithrung der Ferrosulfatlosung
in einen 100-cm*-MeBkolben wind dic Bax.uvmh‘nndkmmg unter lang.
sam roticrender Bewegung zugefiigt und noch enschlieBend 2 en® 10 1
Salzsiure. Nach Ahserzen des B ariimsultatniederschlages wird die klare
Ferrochlmnllusm\g m ein braunes Flischehen gefiltert.

3. Standard-Ferrieiseniésung,

Verlangt wird eine Losung. die 10 g Feo =< und 100 mi 1on HC in
1000 m] enthilt, 43,408 ¢g Felly - 611, .0 (diese Menge enthalt genuu
10 g Fe~++) werden in 10011l H(_l (l(' 1) aufoelost und Jn-~e Liwung
mit destilliertemn Wasser auf 1000 ] anfzefutie,

4. .-\mmonnumhun'_\‘unmlnsunr_'.

15 ¢ Anumoniumthioveyanat werden in zirka 13 ml destilliertemn Wasser
aufgelost, in cinen 5U.ml-MeBkothen gospult und bis zur Marke aut-
gefiilh,

Ausstelluny der Eichyeraden )

Yon der FeClyLisung werden in Benzol-Methanol-Gemisel
Verdimnungsreihen angelegt, <o dall zuletzt in 20 ml der Lissung
20, 40, 60, §0. 109 und 120 3 Fe*=* enthalten sind, Diere Verdiin

< nungen werden in 18- cm?-Erlenmeyerkolben mit 0.1 em® Ammaoninm-
thiocyanatreagens versetzt, der Kolben mit cinem papieramwickel-
. ten Stopfen versehlossen, zur vollstindigen .\lischung geschwenkt
und genaun 2 Min, im Wasse: bad bei 309¢ zur Farbentwicklung
behalten, Ilierauf kiihlen die Proben in einem Wasserbad von
18 10 Min. lang ausx und werden ansehlicBend photometriert.

618/
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Uber die Rolle des ji-Carotins hei der Oxvdation von Butter 11

Fiir dic Photometrierung <tand ein Photometer Fppendort zur
Yerfiizung, Dic Ablesung  erfolete bei ciner Waeollenktiinge von
5000 A, nachdem dax Gerdt bei reinem Benzol- Methanoleemiseh
auf 1000/ Durchliissigkeit adjustiert  worden war. (Lotins
Hills (25) bezeichnet als Absorptionsmaeximum bei Ferritiios
cyanat eine Wellenliinge von 3050 3. Walser (49 hincesen cine
solehe vorr 5150 1. ‘

.
Wegen der groberen Fellermielichkeit im Derciche ciner niede-
ren Fertt-Konzentration wuriden hei

20 und 40 20ml je @ Ablesungen,
60520 ml je 6 Ablesungen,

800 106 und 120 20 ml je 3 Ablesungen
durchgefiihrt.

Die bei der graphischen Aufzeichiung veranschaulichren Mittel-
werte  zeigten eine gewisse Ntreumng und  wurden mach  ddm
Auggleichs- und  Berechnungsverfahren fiitr linear verlaufende
Umsetzungen nach Dannacher (Walser (35)) geprift. Dje
Formel zur Revechnung einer der gemessenen Extinkrion ent-
sprechenden Fer==AMenge Loutet demnach: ’

y : -
= - L (2 .
T = Yooy~ 00921

Untersucliungsguny

025ml des klaren RButierdles, welehes dureh Erhitzen- und

Zentrifugieren bei 2000 Umdrehungen/Min, erreicht werden konnte.
wurden mit dem Benzol-Methanol-Gemisch  in einem  100-cms.
Glaskolben mit eingeschliffenem Glasstopfen his zur Mavke aufge-
fiillt, 0.1 ml Ammoniumthiocyanar- und 0.1 ml Ferrochloridlasung
hinzugefiizt und weiter behandelt. wie hereits bei der Aufstellung
der Eichkurve erwiibnt worden ist.

Die Messung einer fettlosen Probe und einer reagenziosen Prole
wurde mit durchgefithrt und diese beiden Extinktionen von der
ersteren in Abzug gebracht. Die daraus resultierende Diffevenz der
Extinktionen konnte mit Hilfe der vorber anfgestellten Formel in

Fer++ unmgerechnet werden,

"3
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Es ist gebriiuchlich, den Peroxydwert in Milliiquivalent Sauer-

stoff pro kg Fett auszudriicken. Zu dessen Bereehmung diente fal. -

gende Formel:

Fo+++ o
g Fett X 55,84

Die in der fn!gvudmf'[‘:llmlh- aufxcheinenden einzelnen Peroxyi-
werte sind ervechnete Mittelwerte aus je drei Messungen.

Peroxydwert =

¢} Bestimmung dex Carotins

Verwendet wurde die Methode nach Miiller (29). Ex wurden
jedoch einige Modifizierungen vorgenommen. D die zu unter-
suchende Butrer nur reines 2-Carotin eathiclt, war eine Differenzie-
rung in der chromatographischen Siule in verschiedene Carotinoide
und Vitamin-A-Exter nicht notwendig. Carotinverluste, welehe bei
diesem Bestimmungsverfahren nach  der Chromatographicrung
8 bis 1209 betragen kimnen, wurden auf diese Weise hintan-

gehalten,
gonalid

Der Gang der Untersuchung war demniich folgender

2 his 3 g Butrer wurden in Petroliither gelist, die Losung unter
Stickstoffatmosphiire durch Erw dirmung auf wenige cm? eingeengt,
mit 10 em3 1n fthanolischer Kalilauge anf dem siedenden Waisser-
bad 5 Min. Iang verseift. der Tubadt in einen Scheidetrichter ge-

gossen, der Glaskolben zweimal wmit je 5 em® Athanol gewaschen,

die vereinigten iithanolisehen Extrakte mit destilliertem Wasser
auf 509, verdiiun: und in den Scheidetvichter ibergefithet. Hicrauf
wurde dax Alkohol-Seifen-Gemixch mit Wem3 Benzin versetzt und
2 Min. heftig geschiittelt. Nach der Trennung der Schichten wurde

die dthanolische Neifenlisung abgelassen, die Carotin-Benzin-Lisung .

bis zur Klarheit dex Waschwassers mit Leitungswasser gewaschen
und iiber Natriumsulfat zur Trocknung in eine Mensur vefiltert.
Diese Vorgiinge geschahen unter Lichtabsehlu8 in Stickstoff-
atmosphitre. Die photometrisehe Messung und Auswertung erfolgte,

~

wie bereits bei der Aufstellung der Eichkurve besehrieben worden ist.

Eigene Untersuchungen
Deim crsten Versuch wurde cavotinfreie Butter solcher mit zwei

versciiedenen  Carotinkonzentrationen gegeniibergestellt.  Diese ©
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Uber die Rolle des -Carotins bet der Oxydation voii Butter 1% : i ‘ T .
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Tabelle 1. Verglcxr-n zwischen cmnt:nheur Butter und - o
. 2, . ‘on. 0,02 sor- .
'solcher mit einem Carotingcehalt<on %% bzw., 18y (4 ’ : Tabel?e Oxy da.nonsl‘,f:;llz;l:/?g()d; Z};lftat ‘:' von 0,02 g Ascor v
Probenahme am . -/.. _ﬂ"'_”l‘_'"e _ﬂef“ll_fe_ . X/ Pemx‘)"dwcrtc [ﬁl’d‘fk’ﬂ"‘
Sﬂmfpl:ﬂ g st carotinfrei A 7 Carotin 16 Caratia o ‘() Mffp "j 041 Probenahiue am _ ohne Carotin-* v;i»z Cnmti-nA
Jd;a fr) (L::z'danonsvmlaut im diffusen Tageslicht bei 147 € ‘ jl a) Im ddiffusen Tageslicht bei 14° C
ltnl J = £
v 53 : = - rep/aAi10 .
Tag d TZEUZUDZ . o oeenan 1.152 l.‘l:;)l . 1.1532 QJ f f Tag der Erzeugung ....... e aeaaiaaan 0,539 : 0.539
1 10. Tag - g 2,146 = 1075 0643 - B. TAR ovnvanronvaneanonesnnenaonenenns 1,455 &+ 0,770
1B, } """""""" 2,146 L1533 Lo 7 NS 2376 1 1,228
B T 1,842 | 6,129 5,514 e g 8,425 1,979
e 3y ceescescieresenaraeesans 1 993 X ’280 3.353 . . RS i >
) Aufbewal Dunkeln bei 147 €
:/a "e } Oxydationsverlauf im Dunkeln bet 14° C b) Aufbewahet im Dunkeln ber v
! "‘j"l - . C{QJ ff'l’fa’f’ l‘-‘nTag der Erzeugung ...o.ooooiiiieiains 0.539 . 0.539
Tag d TZEUZUNG «ovvvnnnnn. 1,152 1,152 1,115 B T 3P R R R 1.151 0,539
B N L152 0,920 | 0,693 3 o . SN dag 1763 0.616
18. A 0,612 0,462 028L B D T E o 1455 2376
16, e 1,075 0,639 - 0,308 . 7, veb
; B 2,146 0,997 0,770 - - .« ﬂe/‘c,x,,/e o ied
L e ﬁ’fa&'n’z oy Vqéqe: - ' R . E ' 'é /.
.‘ . P Iifeen Tagealient
s e iz diffusern Tageslicht /‘;"‘ o ’ - ‘/f/ b ‘/47 451*
. . R ’ - Se
) v dle fluss dog Bt SN e -
3 /,.r \\’ i = .
4 ’ Lo :
- ; E
: ; &
[ = SR | - L, velees
! : (/‘at:dt’ s e
;:» . Vueu() - .y s 4 Tege . . N : ..
F e orcirde nes - "I S
4 . iz Tamecle
v | . - | Lo he dack
2 ie Durkeln & i77 }A& L/afl’ ’ L o 'i —" — '
. ‘ el R .
R S R RN . / - . T e seememmocees :
- B R SR N TN L L1 : ! ' n/ -
A e . e o m s . Rl B [ ~ 3 . . s . tewe 072 R
- ] 13 S 8 Tuse .
Abb. ¢ . b T & - Abh. 3. Oxydationsveriant nach Zugabe von 0,02 g Ascorbiusiiure/100 g Butter.
i - 4. Oxydationsverlauf vos carotinfreier Butter und solcher mit einem Carotingehalt - = o= carotinired, --==- - a7y Carotin/g
von 8 bzw. 16y/g. carotinfrei, -------- 8 y Carotin'g, ~~~~~-18 ; Carotiu’g . . N
lagen bei 8 3/ d , Tabelle 1. Abbildung f. hervorgeht, Lagen die Peroxydwerte der .7
— das en a de p - . . . . " . :
den Hoch\tzrei alt der Bt:l:l icht cé\\ 4 dem in der Natur vorkomuen- . carotinhaltizen Butterproben, die dem Tageslicht ausgese{zt waren.
' s er Butter an Carotin — und bei 16 7/g. Wic aus  bix zum 13. Tag der Lagerung unter denen der carotinlosen Ver-

—— -
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/glelchsbuttm Nach I Tagen Lagerung jedoch uhchtw"vn (11(:

I’erm\d\\entc der earotinhaltigen Proben jene der Vereleichs-

proben wmmn das Dreifache. Interessanterweise lagen die Peroxvd-

| werte der Butter mit einem Carotingehalt von 16 /g stindiz in

" fast gleichem Abstand unter den Peroxydwerten der Butter mit
‘o einem Carotingehalt von 8 yig.

Bei den in Dunkelheit aufbewahrten Proben zeigten die carotin-
losen bei allen Messungen hohere Peroxydwerte. Bei der carotin-
haltigen Butter besaBen die Proben mit ciner Konzentration von
8 y/g eine hohere Oxydationsanfilligkeit als jene mit einer Konzen-
tration von 16 y/g.

. Anders war der Oxvdationsverlauf nach Zugabe von 002mg
Ascorhinsiture zn 100 g Dutter, dargestellt auf Tabelle 2, Abbil-
dung 5. Diese Butterproben und die der folgenuden Versuche waren in
Glasrohrechen eingegossen der
Induktionszeit verkiirzte sich auf 6 Tage und in den folgenden
Versuchen auf 3 Tage. Die Peroxydwerte der dem Licht aus-
gesetzten carotinhaltigen Proben lagen auch nach dem jilen An-
O stieg um 40°, unter denen der carotinlosen Vergleichsproben. Bei
> der Dunkellagerung war eine kleine Verlingerung der Induktions-

. die noch am 9. Tag der Lagerung weniger als die Hilfte jener der

% Vergleichsproben betrugen, sticgen um den 10. Tag rasch an und

L"ber die Rolle drs g-Carotins bei der Oxydation von Butter 15

Oxydation ausgesetzt worden. Die'

zeit zu beobuchten. Die Peroxydwerte der carotinhaltigen Proben, =

lagen am 11. Tag ruud 5107 iiber denen der carotinlosen Vergleichs- )

proben. Alle diese Feststellungen lieBen eine unmittelbare Mit-
< wirkung des Caroting bei der Butteroxydation erkennen.

nichsten Versuchen zugleich mit den Peroxydwerten der jeweilige
Carotingehalt bestimmt. Als Zusiitze gelangten Kupfer; Diacetyl
und Lezithin zur Anwendung; alles Stoffe, die in ihrer W u-Lun"
als Prooxydanticn bekannt sind.

Carotin und Kupjer

Kupfer wurde in einer Kouzentration von 0.03 mg/100 ¢ in Form
! von Kupferlactat zugesetzt, Nach einer kurzen Induktionszeit von
t 3 Tagen (Tabelle 3, Abbildung 6) sticgen unter Lichteinflull die

Peroxydwerte der carotinhaltigen Proben bis zum 5. Tag jih an,

Tm hierither genaueren Aufsch:luB zu erhalten, wurde bei den:

. . an /'ﬂj on

I R e B | M. o1
Treer BT AT L e T e e
Mcu?'camﬁafa : - y vulues

pe/cf" € Japber

: 16 W olxgmxg bchulkr -
Tabelle 3. O\yda onsverlauf nach Zugabe a’on 0,03 mg Kupfer ':
pro 100 g Butter/ w.' carelfen?

/, y

/ " Peroxydwe ¢ i :

mit Carotin y Carotin/g

Probenahme. am QN -
ohne (arotin

a) Ausgesetzt dem diffusen Tageslicht bei 14°C

—» Tag der Erzeugung .....o-v.-. 0,539 . 0539 i 8,04
3. Tag g . oo-g-vvernrnccsss 2350 L5533 5,86
4. g\ £ 7 ............ 4,598 2,952 ! 5,33
5.y e di 6539 ., 6199 | 523
b) Au.fbcwahrt im Dunkeln bu 4°C
Tag der Erzengung -.....ono-- 6,539 ; 0.539 8,04
3. Tag . qgeeveancasacasnnen 0,612 : 0.462 : 6,60
6 . N AR e 1,760 L3s0 | 6,34
. 9. , ..ood 2,205 2145 6,33
11, ceveenen- PPN R 6,585 4,440 ; 6,23
15 ﬂ&gu
- o~ . . R
/)e/ax/ de rnew- Y n ad #4;; t’ayﬂ}jf e [’ar‘aﬂ’é e
'i- 12 :17%uten Tagralicht k
0d . i
" : / !
s - .
g g Vebues 7T )
J€roxide maes. . T T '
-;-\_\ te Punreln .
. l N Fhe dark
i /./"_:—’-.—
'—vf'.—.:__: N . . I
IR TN e t:.],!
Abb. 6. 0x} dativnsverlauf nach Zugabe von 0,03 wg Kupfer, 100 ¢ Buotter, ———— earotin-
1e“euxgcr Catotingehalt

fref, ~-~-=<--- 3 Camntin/g, «+—+—-

lagen aber immer um dcu fast gleichen Betrag von 0,6 \lelmqm :
valent Sauerstoff unier den Vergleichswerten dm carotinlosen

. %
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Tber die Rolle des 3-Carorins bei der Oxyilation ven Butter 17

Pmben Der Carotingehalt zeigte bis zuin Taw des jihen Oxydations
anstieges einen verli ilthismitlig steilen Abfall. Von da an sank er
aber nur mehr in aeringem MalBe,

Die dunkel aufbewshirten Proben zeigten ein dbuliches Bild
Die Induktionszeit verliingerte sich. Die Peroxydwerte der carotin-
haltigen Proben iberteafen jene der carotinlosen Proben nie, son-
dern lagen im- tegenteil an ihrem hichsten Puunkt
2.1 Millidquivalent Sauerstoff tiefer als die der Vergleichsproben.
Der Carotingelalt sank wicderum hix zum Tag der stark ansteigen-

sOEHT Wl

den Oxydation erheblich, immerhin jedoch nicht in dem Mafle wie
bei den unter Lichteinflull restandencn Proben, Wihrend dex
- steilen Austieges der Peroxydwerte waren die Verluste nur mehr

gering.

Carotin und Diacetyl
-~ Nach Zusatz von O,1mg Dincetyl/100 g betrug bei den unter
© Lichteinflu gestandenen Proben (Tabelle 4, Abbildung 7) die
© Induktionszeit chenfalls 3 Tage, wobei wieder ein erhihter Carotin-
abbau zu verzeichnen war, Von da an blieb der Carvotingehalt fast
anverindert. Die Peroxvdwerte der carotinhaltigen Proben lagen
erst am 5. Tag iiber denen der Vergleichsproben, und zwar um
etwa 0,4 Millifiquivalent Sauerstoff. ’
Die Induktionszeit bei Dunkelheit dauerte 6 Tuge. Erst von
an iibersticgen die Peroxydwerte der carotinhaltigen Proben
Tag bereits um das

hier
.7 die der Vergleichsproben und lagen am 1.
= Vierfache dariiber. Der
bei den unter Lichteinflufl
schwiicheren Ausmale.

gestandeneti Proben, nur in einem

Carotin und Lezithin

Lezithin wurde in ciner Menge von 0,2 g'100 g zugesetzt. Unter
i EinfluB des diffuszeu Tageslichtes (T.xbelle 5, Abbildung 8) lagen
"‘ die Peroxvdwerte der carotinhaltigen Proben nach der dreitigigen
-+ Induktionszeit und withrend des Oxydationsanstieges um den fast
stindig gleichen Betrag von 01 Mllll.xq\u\'a]eut unter den Ver-
- gleichswerten. - -
Bei Aufbewalrung in Dunkelheit lagen die 'Pémxydwerte
der carotinhaltigen Proben am 3. Tag um 08 Millifiquivalent unter

.2

Carotingehalt fiel in gleicher Weise wie

l M | . | P | : . 1 R _] - ] ® }
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. Tabelle 4. 0\3 dationy -erlauf nach Zugaby von 0,1 rynE -
| Diacety/100g Butter Y ,,/,,‘), Car‘c'jza
: b Peroxy: dW( Tte o
c[)Qlu g»l 1% Probenahme amn ———-\4——-———— e .
f J ohne Carotin l mit Carotin | 7 L‘arotmln
a) Ausgesetzt dem diffusen Tageslicht bei 14°C ca {ﬁh"le .
J? ﬁ —a, Tag der Erzeugung ........... 0.539 ll 0,539 8,04 (
3. Tag pvogricnvronoranannns 1,610 1+ 0,693 6.53
’°f’4" o Ndey 3142 | 2011, 652
YO (U 5210 | s5.31% 6,50
b) Aufbewahrt im Dunkeln bei 14°C
B Tag der Erzeugung .........-. o 0539 8,04 c/a_
3. Tag e jeer e Co0154 .63 ¢
6. QJ ................. ﬂ ..5') . 0,462 719
‘ 9 L. G 0,497 1,610 | 7.23
5 O, 5y veecienniainrine e 0,53 2,068 7.16
6/ VCZ‘(E& [ e ne
ﬂ’mr/ “ T n deffease Ja‘y p;jf - ';" e-tare
i To_ = trtfueen Togerd T
T s
.i \“-..... /_ '
| / j
“l e i
- ) ) *T _/J/__/,_'_ . £
Porexitle ‘2’,":‘“ L |
e ore Xide. A T Thl'sr X
. _ ; m’/& Jark .—;- — Carsdere
r;- .:;~-__ ?-.:‘.r\'- . P
[T ! .
‘{ i 3
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E,_ T 1 3 s~ &t e« o+ & 0 n,":“_’ r/QJ[
Abb, 5. Oxydationsvertsuf nach Zugabe von 0,1 mg Diacetyl/100 g Butter. —=— ~ caruiid
frei, =--=-- -~ sy Caroting, - = =~ — seweiliger Carotingehalt :

depen der carotinlosen \orﬂlcxchcpwlwn

iiberstiegen  diese an

4. Tag und lagen am 5. Tag der Lagerung um 1 Millistquivalent”

L. dariiber.
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; Peroxydw ) 3
; ) Probenahme am e .eim.‘icn%——— -—qucje_" i
o Ja'upﬂ‘”q o chne Carotin + mit Carotin * 7 (_,n:s;mg
4 7\__/(,'4/;.'}2"!
) Ausgesetzt d diffusen Tageslicht bei 14°C
ZaJ cﬁple " ‘:ﬁa“)" usgesetzt dem diffusen Tages ic ei .
“» Tag der Erzeugung ........... 0,539 ! 0,539 ‘ 3,04

3. TOG Ae - ge o m e 1841 | 1,074 | 6.64

o oNdey 3.677 | 2,988 6.22

5. b eeeeeliii 5822 | 5056 | 6.04
: eﬁ /?/’ﬂm, P b) Aufbewahrt im Dunkeln bei 14°C
é, ag der Erzeugung ........... 0,539 -+ 0,539 . 738,04
SRR T Y- U e 1,305 = 0,339 6,84

PR B Lo1s 2140 I 6.67

L T | S 3,219 : 4,289 f 6,50

values

.,ﬂfoxl't/{....‘-—’ "~ 5 c/r;[ﬁuS-?» ‘{0701‘?4* e ‘e-—[’a/"c.'h’nej-.,

Tabelle 5. Oxydationsverlau nach Zugabe von 0,2g Lezithin =
pro g Butter '

e d4ffuren Tegeslich?

s T~ . .
~‘~_~. ’»

. bl . »

1 = .
Roxide. - e Aot
yaeue.‘ totng— Carelen®

»

Abb. §. Oxydationsverlanf nach Zugabe von 0,2 ¢ Lezithin/100 ¢ Batter.
frei, ------- 8y Caroting, - =-—" — jeweiliger Carotingehalt

Der Carotinabbau war in beiden Fiillen wiilrend der ‘Induk-

- tionszeit wmwfangreich. verlief jedoch nach Anstiegz der Peroxyd-

v -
~ Wwerte wesentlich langsamer.

i

i
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Besprechung der Ergebnisse

Ein Vergleich der in den Versuchen gewonuenen Kurvenbildep
‘untercinander LiBt nun interessante Einzelheiten erkennen. In
égchn und ganzen kanu man den Oxydationsverlanf nach ey
‘Lage der Kurve zueinander in zwei Arten differenzieren:
: a) Die Peroxydwerte der carotinhaltigen Proben Yiegen withrend
Ides ganzen Oxydationsvorgunges unter denen der carotinlosen Vep.
Iglcichs;prolwn. Letztore besitzen also eine griBere Oxydations
lanfalligkeit.
| Unter LichteinfluB war diese Erscheinung bei den Proben mir
‘7Zusatz von Ascorbinsinre, Kupfer und Lezithin zu crkennen, 'm'_
Dunkelheit jedoch nur bei solehen mit Kupferzusatz. :

b‘)l Dic Peroxydwerte der carotinhaltigen Proben dibertreffen
jene der carvotinlosen Vergleichsproben erst nach Ablauf ciner
gewissen Zeitspanne. » . ' ,

Diesen Verlauf zeigten anter Lichteinflufl die Prolen mit Zu-
satz von Dincetyl, bei Aufbewahrung in Dunkelheit jene mit Zsors
von Ascorbinsiure, Kupfer und Lezithin.

Reinart {27) verwendete bei seinen Versuchen in Glasrohrohen s
eingeschmolzenes Butterfett und setzte dieses bei Zimmertemperatw

der Einwirkung von diffusemn Tageslicht aus. Die zugesctzte Menge an- |

Carotin betrug 0,02%, Die verwendete Methode der Peroxydbestimmnung
nach Lee busitzt aber nicht die gleiche Empiindlichkeit wie die Ferri-
thiocyanatmethode. Trotzdem lagen auch hier die Peroxydzahlen der
carotinhaltigen Proben hisx zum 10. Tag der Lagerung unter den Per
oxydzahlen der Vergleichsproben und liberstiegen diese erst nach dem:
15. Tag. Eine iihnliche Ubereinstimmung mit den  cigenen Unter-~
' suchungen liegt- bei den Proben mit Dincet ylzusatz vor, obwoh! die ver-
" wendete Menge Diacery! den natiirlich vorkommenden Gehalt bedeutend
ibersteigt. Auch hier war bei den carntinhaltigen Proben anfangs eine,
- geringere Oxydigkeit festzustellen, die aber nach 25 Tagen Lagerunz.
‘jene der carotinlosen Vergleichsproben ubertrai. )

Eine Ubereinstimmung mit den Ergebnissen des eigenen Versuches -
' zeigt sich auch bei diacetvihaltizer Bultter, die in Dunkelheit aufbewahr”
- worden war. : -

1

| Lediglich in der Zeit ergeben sich Unterschiede. Diese konnen au

tdie Art der Behandlung. des Fettes, aber wuch auf die Art der Aufbe- ;.

wehrung zuriickzufithren sein. {Reinart beniitzte reines Butter:

.
™y

o i 0!

v

|
&die einen Wassergehalt von 189, aufwies, angestellt wurden.)
|
13
!

v
as.

o

en’ ]
. | ohne Wasserzusatz, wihrend die eigenen Untersuchungen an Butter
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-

suchungen das Warburg-Respirometer.

ausgeset 7t.

124

fett nur etwa 0.0008%, betrigt.

Aus den} erhihten Sauerstoffverbrauch der carotinhaltigen
schlossen sie auf eine hohere Fettoxydigkeit dieser Prnb(:x Die ge-
wonnenen Ergebnisse besagen aber chig]ic}i, daB Fettanit einm;x ('u‘r:-( i
gehalt von 0,025°, mehr Sauerstoff aufnimmt als carotinicses Fm:

!

Thompson und Steenbock (33) verwendeten fiie thre Unter-
fn diezemn Gerdr wird ei
. : i : rd eine be-
simmte Menge Fett bei bestimiter Temperatnr demn Nauerstoffdruek
: Der manometrisch gemessene Drickabfall gilt als MafB fur
die Sauerstoffaufnalime des in Oxydation begriffenen Fettes. Die in
iesem Falle verwendete Ve smenge it e e i
di serm Fa Ll o d It f. 3 (,]"S;lf}‘}‘lnn)f'{'],;( betrug 1 g mit rinem Caroti-
Zu8 250+, das sind 0,023, wiithrend der Hochstgehalt im Milch-

rohen

.~ Offen geblichen ist aber die Frage, wicviel von dem aufgerominenen

= worden wilre.

: K Das \\’ﬂrburmf{espimmeter fand auch bei den \'ersucheﬁ von
% Schulte und Schillinger (30) Verwendung. deren Ziel die Ken—ntnis -N i
der g_ekuppelmn Autoxvdation von Fetten mit Vitamin A und dessen ) |
Provlfamm, dem j-Carotin war, Die Vitaminkonzentration belief. sich Sl |
auf 15-10-¢ Mol in 2 m! Ester. Aus den Ergebnissen geht ebenfalls eine :
erhohte Sauerstoffaufnahme der carotinhaltigen Peren hervor‘
von ihnen festgestéllten Werte wiirden moglicherweise auch einer.\ Ver- R
gleich zwischen den stattgefundenén Vorg-éngen des Fettabbaues aI;f o
Grund des Ansmale des V xtafninabvba'ues crrpittelh lassen. Dieser o

f14 ser eine gewisse Unsicherheit anhaften. da es noch .- <

Grund des Ausmafes

oy

. Sguersmff zum Carotinabbau ndtig war, zumal ein solcher bei der Be-
¥, triebstemperatur des Warburg-Respirometers von 377 C und unter dem
N herrschenden Sauerstoffdruck auch unabhingig von der Fettoxydation

fur durchaus moglich gehalten werden muB. Ein klareres Bild hétte
sich moglicherweise ergeben, wenn neben der Sauerstoffaufnahme des
u untersuchenden Gutes noch der gleichzeitige Carotinabbau festgestellt . ;

Die

" keine exakie Angabe iiber das stochiometrische Verhaltnis gibt, nach

f

T T

. ester (1:1) beiverschi i i { 8
; { )ben'us(h\edenen\ nammAA-konzemmtlonennachGb‘tunden" B

= Vitawin-A-Kouzentzation o -\l’f T '
sAnfnahme in 4 i
t

- Einen nucrossantcn Einblick bictet aber folgende Darstelluﬁg"

Vitamin-A-Acetat-

::\"elihem 1 itamin Aund Sauerstoff reagieren und gewisse am Sauerstofi-
erbrauch beteiligte Sekunddrreaktionen angenommen werden miissen

_ Sauers f e und Vi i i . ey
o, itoffml.mahm.t ux}d \ 1t{umn-A-Acet.at-Abnahmc einer Lésung von ST !
amin-A-Acetat in einem Gemisch aus Laurinsdureester und Olsdure- T :

7 in Mol;Ansatz Abpahme in
7,5- 1078 , 23 .
15 <10-¢ - 258 3
30 -%u ¢ 550 i %
7 280 , .29

n - -

L 7”7‘5"’7’}’ ff cen Ce»ﬁ‘/a)’/i‘»r

: ./'; mclesfbodoA 0_?—4( Take
- : ’ : i nICh ,754 ]

% E /
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Die perzentuellen Vitamin-Verluste sind in den drei Fiillen

gleich. Tmgerechnet auf die einzelnen vitamin-Konzentrationen
witrden diese Mengen aber 2.1.1078,45.107° und 8,7 . 10°8 Mol/An~atz .
betragen. Dieser progressiven Vitamin-A-Abnahme steht aber nur
eine linear erhihte Sauerstoffaufnahme gegeniiber. Es kinnte an-
genomuien werden, daB der fir die Vitamin-A-0xydation sich
ergebende sauerstoffbedarf durch die weitere Aufnahme you vtwi
20 ul nicht zur Giinze gedeckt werden Lann und aus diesem G runde
weniger Sauerstoff fir die Fettoxydation verfiigbar ixt. Ahnliche
Beobachtungen wurden an cigenen Versuchen {siche Abbildune 4
gemacht, wo die Peroxydwerte der Proben mit einer Carotin-Koun-
zentration vou 146 /g Butter jmmer unter den Peroxydwerten der
Proben mit einem Gehalt von ¥ g Butter lagen.
. Eine wertvolle Vergleichsmiglichkeit hrachten  die in den
eigenen Untersuchungen zugleich mit der Peroxydmessung durch-
gefithrten Carotinbestinmungen mit den bereits erwithnten Lrgeh
nissen von Holmann {10).

Die. Untersuchungen der vorliegenden Arbeit hezogen sich nur
auf die BDestimmuug dev ersten (ixyd:xtiuns;mzl-i(‘lu-n. der Peroxiiie,
Aber auch in diesem Rtadium Kounten hereits erhebliche Carotin
YVerluste festgestellt werden. Diese lagen bei Troben, die unter
Einflufl des Tageslichtes gestanden waren, gwischen 20 und 53%%.
bei =olehen, die in Dunkellieit aufbewahrt worden waren, 2w ischen
11 und 299%.. n allen Fiillen sticwen die Peroxvdwerte aber Terst
an. nachdem der Carotintichalt relativ <tark abgenommen hatte

Diemayr und Mitarbeiter (3) verwendeten bei ihren Bestimtnungen
Modellester. Davon wurden 3 emn® it 2.5 g J-Caratin bui 94° C mit
Sauerstoff belitftet.
starken Sauerstoifeinf
oxydbildung nach 30 und 60 Min. bereits ein dhnlicher Zustand ein-
getreten ist.-wic or bei den eigenen im Tageslicht aufbewahrten Proben
(Abbildung 4) erst am 16. Tag der Lugerung anzutrefien war., Die Be-
stimmung der Oxydigkeit erfolgte durch die Ermittlung der Peroxydzahl

pach Lea. Walser (35) zufolae ist aber dieser Methode eine gewisse ~

Subjektivitit nicht abzusprechen. Ebenso besitzt sie, wie bereits ers

wihnt, nicht die erforderliche Fmpfindlichkeit.

-

Es wire zufolge der hohen Temperatur umd des’
lusses durchaus moylich, daB in bezug auf die Per- -

Nach den Ergebnissen von Hinko (9) ging mit der Mehraufnahme

“von Sauerstoff im Fett bei Anwesenheit von Carotin gleichzeitig it
Carotinabbau vor sich. Tir berichtete aber anschlieBend von praktischen

..
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Erfahrungen, die gezeigt haben, dafl Carotin bei gelagerten Fetten cinen ..

i

Uber die Rolle des f-Carotins bei der Oxydation von Butter 23

gewissen Oxydationsschurz darstelle.

Eine interessunte Verpleichsmigtichkein leferte die Arbeit vou
Chevalier (4), der, wice vorne berichtet, bei Lichteinflufl ecine
pl-ooxydantc und in Dunkelheit eine antioxydante Wirkung des
Carotins feststellte. Diese Ergebnisse kamen zustande, machdem
10 mg Triolein in diinner Schicht bei 400 C der Oxydation ausgesetz
worden waren. Ein Teil der Proben enthielt 50 hix 80 2-Carotin.
Die Lichteinwirkung wurde durch eine Quecksilberdampilampe,

mit Filter begrenzt auf eine Wellenliinge von 3400 A, erreichi. Die

i

in Dunkelheit aufbewabrten Proben zeigten folgende Ergebnisse:
Stunden 1 2 3 1 3 10
Triol. + Car.
7_Trioiein )
Der Oxydationsquotient der in Dunkelheit aufbewahrten Proben

15 17

087 0,79 0,76 0,71 0,68 0,71 0,74 0,80

zeigt die antioxydaunte Wirkung des Cavotins, die aber mit zuneh-
" mender Zeitdauer (Gihnlich wie auf Abbildung 4) abnimmt. Die

" Stunden ) 1

Oxydationsquoticuten der unter LichteinfluB gestandenen Proben
hingegen waren:

o

3 4 5 6

-1
w

Triol. + Car.
— 1 1,17 1,25 1,28 1,30 1,29 119 1,26
Triolein ) .

Es ist anzanchmen, da8 als Folge der sehr intensiven Bestrah-
lung die Oxyvdationswerte der carotinhaltigen Proben bereits hach
einer Stunde auf gleicher Hile mit denen der carotinfreien Ver-
gleichsproben stehen, um dann weiter  anzusteigen, ein Zustand,
der bei den unter EinfluB des diffusen Tageslichtes bei einer weit
niedrigeren Temperatur gestandencn I'roben der eigenen Versuche
{Abbildung 41 erst am 4. Tage der Lagerung eintritt.

Zusammenfassung

1. Zur Feststellung, ol oder wie weit dem 3-Curotin bei der

Butteroxydiation cine Rolle zukommt, wurden vergleichende !'ixtér-_

suechungen an Maodellbutter, mit und ohne Carotin, bzw. mit und

chne verschiedene Zusiitze durchgefiihet.

s e
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2. Bei Butter olne jeglichen prooxygenen Zusatz zeigte sich

withrend der Lagerung bei etwa 10 C in diffusew Tageslicht eine
oxydationshemmende Wirkung des Carvotins his zum 138, Tag. Fes
von hier an beteiligte sich das Carotin prooxydant. Tn Dunkeln
war die antioxydante Wirkung des Carotinsg die ganze Unter
suchungsperiode von 19 Tagen hindureh erkenvbar,

Bei Verwendung von Proben mit verschiedenen Carotin-Kon.
zentrationen besaBen jene mit niedrigerem Cavotintichalt eine
hihere Oxydationsantalligkeit.

3. Withvend der Induktionszeit Ligen bei allen Proben dic Per-
oxydwerte der carvotinhaltigen Proben unter denen der carotin
freien Vergleichsproben, .

4. Eine durchwers oxyvdationshemmemde Wirkung des Carotins
bei Tageslicht zeigten Proben, denen Aseorbinsiure, Lezithin oder
‘Kupfer zugesetzt worden waren,

Im Dunkeln war eine solehe oxydationshemmende Wirkung des
Carotins nur bei den Proben mit Kuptferzusatz festzustellen,

3. Eine anfiinglich oxvdationshemmende, spitter aber oxydations
fordernde Wirkuny des Carotins war an Batrerproben mit Zusa
von Diacety]l xowohl bei Aufbewahrung im Tageslicht wie anch
im Dunkeln zu erkennen: Proben mit Zusatz von Axcorbinsiture
oder Lezithin zeigten nur im Dunkeln dihnliches Verhalten,

6. Der Carotinabbau war withrend dir Induktionszeit hetrig,
verringerte sich aber bei fortschreitender Fettoxydation.

7. Es witre divraus zn seblieBBen, dald das Carotin withrend der
Tuduktionszeit cinen Schutztaktor fir das Fettdarstellt, derart, dal
es dureh Autfangen des von Lichtenergic oder verschiedenen PPro-
oxydanten aktivierten Sanerstoffes das Fetv vor oxvdativem Angviif
schittzt, selbst aber dabei zum Teil abgebant wivd, Moglicherweise
schalten sich erst die gebildeten Abbauprodukte als Oxydations
faktoren in die weiteren Vorgiinge des Fettverderbens ein.
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SUMMARY—Taste thresholds of 31 volatile compounds found in butter were measured

i in Jeouorized butteroil and thresholds of seven volatiles were measured in fresh butter.
W Thresholds of mixtures of each of the major classes of volatile compounds (free fatty
acids from C. through C.., gamma-lactones from C: through C., even-numbered delta-

S lactones from Cs through C.. and methyl ketones from C, through C.» except C.. were

determined as well as thresholds of single compounds of these classes. Butyric acid,

diacetyl.

delta-decalactone, 2-nonanone, gamma-undecalactone -and n-hexanal,

oft-

reperted constituents of milk fat, had thresholds in butteroil of 0.66, 0.055, 1.4, 7.7,
i 0.95 and 0.19 ppm, respectively. The threshold of a mixture of free fatty acids from
. C. thrcugh Ci was 0.55 ppm. Synergistic interactions among methyl ketones and free

fatly acids were pronounced and interactions among aldehydes were weak, while inter-

actions among lactones were not apparent.

INTRODUCTION

7o

¢i MORE THAN 100 volatile compounds
{ have been identified as natural constitu-
ents of butter or milk fat (Day et al.,
1unity: Forss et al, 1967; Jurriens et al.,
19n3: Langler et al., 1964, and Wong.
1963y, A small number of these com-
) pounds are generally recognized as prin-
cipal componénts of butter flavor. Differ-
ant pes of butter tlavor concentrates are
natable from at least 41 commercial sup-
plicss. None of these concentrates dupli-
cates the complete natural tlavor of but-
rer, ner wre all the compounds in these
NSRRI vt necassarily natural butter
AR SORSUTLRATS.

Himan wste and odor thresholds of in-
dnadaal comipounds are indexes of flavor
tPation 27 al. 1937). Thresholds of mix-
tures of compounds have been shown to
<omplicaie interpretations of flavor chem-
sty du2 1o additive, synergistic and an-
tagonistic interactions of mixtures (Day
et al. 1963: Langler et al. 1964: Meij-
boom. 1952, Water thresholds of many
hutter volatiles are known. To comple-
ment the water threshold data. taste
thresholds of key butter volatiles in butter-
oil medium aad in butter itself were
neaded.

I'his study was undertaken to determine
butteroil thresholds of individual com-
pounds as well as mixtures of the promi-
nent classes of volatile compounds found
in butter. Compounds included were free
fatty ucids (cven-numbered  C. through
Uy ). delta-lactones (Cq. Cyay Ciar and
\ (). gamma-lactones (C; through Cyy).
" methyl ketones (Cy through Cy;. Cyy, and
C,.) and sclected miscellaneous com-
Pounds which are known to be present in

e

2

+ +butter.

EXPERIMENTAL METHODS

Preparation of odor-free butteroil

Butteroil separaied from fresh, melted
sweet cream butter was filtered through
Eaton & Dikeman No. 17 filter paper to re-
move the remaining free butter serum. The
filtered oil was then vacuum steam-distilled
in an all-glass apparatus designed to handle
10 to 12 L. of oil (Fig. 1). Earlier studies
revealed that relatively high temperatures
were required to remove butter flavor from
the oil. In a typical vacuum steam distilla-
tion, melted oil was heated to 210° = 10°C,
held at this temperature for about 2 hr, then
allowed to ¢ool to 140°C. Antioxidant ivas
added according to the method of Wyatt et
al. (1963). The pressure above the oil, which
increased with temperature, ranged from 9
to 23 mm (Hg), and was 1 mm or less at the
pump end of the system. The amount of
water distilled was '/, to */. the oil volume.

Volatile compounds. as well as cholesterol
and carotenoids, were removed by the dis-
tillation. The deodorized oil had a faint odor
and a slightly sweet or nutty taste. A recog-

£

-

nizable butter flavor, however, was not de-
tectable.

Purification of compounds tested

For flavor studies, reagent grade chemicals
whose normal boiling points were below
230°C were vacuum-distilled in an all-glass
10 to 50-ml capacity distillation apparatus.
Lauric, myristic, palmitic and oleic acids
were purified by several recrystallizations
from ethanol-water. Other high boiling com-
pounds were purified by preparative GLC,
using a '/ inch X 4.5 ft aluminum column
containing 80/120 mesh gluss beads coated
with 0.1% Apiczon H. Purity of the liquids,
as determined by gas chromatography (150
feet X 0.01 in. L.D. stainless steel capillary
coated with Ucon), was better than 99.8%
except for 2-pentanone (99.6% ).

Testing procedures

Glassware used in all tests was thoroughly
cleaned and carctully inspected to exclude
contiiners which had residual stains or odors.
Stock solutions were prepared in 100-ml
volumetric flasks by dissolving calculated
amounts of purified compounds in deodorized
oil at 38° = 4°C and bringing to volume:
four or five dilutions to lower concentra-
tions were made from each stock solution.
Compounds whose thresholds were measured
in water were brought into solution by first
dissolving the compound in ethanol and then
dispersing the cthanol solution into water
(subthreshold ethanol concentration was
maintained).

The flavor tests were conducted by the
procedure described by Wyatt et al. (1965).

to vac pump

Fig. 1—Vacuum steam distillation apparatus used. A—steam reservoir, B—safety trap,

C—substrate receptacle, D—thermometer well, E—stockcocks; traps =1 and =2—dry

ice-acetone cooled; traps #3 through =6—-liquid nitrogen cooled traps (traps %5 and %6

contain glass beads).
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Table 1—Taste thresholds of selected

butter volatiles measured in deodorized
butteroil

e N 3

Concentration in ppm
Approximate level

Compound Threshold in fresh butter?
Butyric acid 0.66 9 to 38
Caproic acid 2,52 6to 18
Diacetyl 0.055 0.02100.1
Dimethyl sulfide 0.009 0.02
Delta-decalactone 1.4 0.0l to9
Ethyl acetate 22 4
Ethyl butyrate 0.60 <0.2
Ethyl hexanoate 0.85 <0.1
Acctaldehyde 0.11 0.7
n-Hexanal 0.19 0.14
n-Heptanal 0.75 0.16
n-Nonanal 1.03 0.07

! Concentration values were from the following
sources: fatty acids, Iyer ct al. (1967); aldehydes,
Day et al. (1960); and delta-decalactone by Forss
et al. (1967) (0.01) and Jurriens et al. (1965).
Other concentrations were estimated from GLC
analysis of butter volatiles (unpublished data,
T. ). Siek).

* From Patton (1564),

3 From Hvolby (1962),

Four or five dilutions of the compound being
tested were served to tasters along with a
labeled blank (zero concentration) and a
coded blank. The panel of judges consisted of
28 members of the Food Science and Tech-
nology siaff with 20 members used per test;
il samples were served at 42° #+ 3°C: and
udzes were not pre-selected for raste acuity,
but were experienced in serving on flavor
panels.

In the favor booths, judzes wers asked to
tastz the two reference samples (zero con-
centration and the highest concentration)
and then to taste at random the coded sam-
ples coniaining the favor compound. The
judgss marked their kaliot “plus™ when the
compourd in question was detected in a
sample. No time limit was imposed during
tastivcg. If panel members misjudged the
codzd blank and/or codzd maximum concen-
tration sample, their balot was excluded
from the resuiis. Otherwise, each “plus” an-
swer was rscorded. Taste tests were con-
ductzd within a week after the sample puri-
ficatioa. Solutions of compounds tested were
made on the day of the test. The 505 posi-

Table 3—Taste thresholds of methyl
ketenzs in dacdorized hutteroil—individual
comaounds and mixtures

Concentration in ppm

Caron Individual Ketone in mixture at
number threshold!  mixture threshold
Cs 125 0.09

Cq 30 0.09

Cs 61 2.6

Cs - — 0.09

C; 15 - 3.5

Cs 2.5 0.09

1Cl 7. 7 2. 6

Cio 11 0.09

Cu 100 5.3

Cus 182 3.5

Cis — 5.3

Cito Cis 23 = mixture

threshold

! Values obtained by Hvolby (1962) for C,, Cs,
Cia. Cu, and Ciy were 30, 5, 10, 10, and 500

respectiveh -

ik

B
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Table 2—Taste thresholds of free fatty acids in deodorized butteroit—individual compounds

and mixtures

Concentrations in ppm

Individual
Fatty acid threshold! Fatty acid in mixture at the mixture threshold? ’
1 1
C 7.0 0.002 0.003
C, 0.66 0.07 0.10
Cs 2.5 0.03 0.06
Cs 350 0.05 0.08
Cio 200 0.1t1 0.17
Crz 700 0.29 0.45
CCi» 1260 0.55 = mixture
threshold
Cus 5000 814
Cis 10000 2203
Cis 15000 617
Cuat 8009 1315
Cr—Cusa 39260 5000 = mixture

threshold

~ ! Individual thresholds were taken from Feron et al, (1961) for C through Cpay;
0.60.

? Column I was a mixture through Cys; column I contained

tive response level used by Patton et al.
(1957) was calculated, so that direct com-
parisons might be made with reported 50%
thresholds. Threshold concentrations are
defined as concentrations of compounds in a
given medium in parts per million.

For comparison, several thresholds were
measured in fresh sweet cream butter, The
butter samples were served from the refricer-
ator (4°C) as butter patties. Mixture solu-
tions of several clusses of butter volatiles
were also prepared for testing. Mixture
thresholds were established in the same man-
ner as single-compound thresholds, the ‘mix-
ture threshold being the total volatile con-
ceatration which could be detected. Ratios of
individual compounds were constant in each
ditution of the mixture.

Threshold determinations usually required
one or more preliminary tests to find the ap-
propriate concentration range. In practice,
panelists often sniffed all samples and tasted
only those they could not categorize by sniff-
ing. Panelists could usually detect one or two
concentrations lower by tasting than they
could by suiffing only. Meijboom (1964)
found that for 31 aldehydes, threshold values
for taste (measured in paraffin oil) were in
all cases lower than those for odor.

RESULTS & DISCUSSION

Individual thresholds

Taste thresholds of several butter com-
pounds are presented in Table 1 along
with their reported or estimated concen.
trations in butter. Other individual thresh-
olds are shown in Tables 2,3,4,and 3,

The threshold of delta-decalactone was
measured five times (on five days) with
some variation of panel members in each
test. The threshold obtained was 1.4 = 1.1
(o). Greater precision was noted in re-
peated tests with other compounds: for
2-pentanone the threshold was 61 + 3;
gamma-undecalactone, 0.95 = 0.22, and
n-hexanal, 0.016 = 0.003 (in water).
Thresholds depend greatly on expertise

1 v ' <o
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their value for C, was

all fatty acids listed,

1965, p. 182); thus differences in taste
thresholds from different laboratories are
probably due to differences in make-up of
the panel. By observing general trends of
a homologous series (Table 3) more valid-
ity can be ascribed to individual threshold
values, and from these values a mieasure
of relative flavor potential can be ascer-
tained,

Table 4—Taste thresholds of normal alde-
hydes in deodorized butteroil—individual
compounds and mixture

i _ Eoncentia_tion in ppm
Carbon Individual Aldehyde in mixture at

number  threshold mixture threshold
Cs 0.30 0.16
Ce 0.19 0.16
C; 0.75 0.16
Cs 0.9 0.16
0.64 = mixture

threshold

ﬁ_From Lea and Swoboda (1958); their value for
n-hexanal was 0.3,

Table 5—Taste thresholds of lactones in
deodorizad butteroil—individual compounds
and mixtures )

o Cor_\ceng_r_ation in ppm
Individual  Lactone in mixture

_Lactone threshold at mixture threshold:

¥-Cs 8.0 —

¥-Cs 3.4 0.47

v-Cs 3.5 0.94

7-Cs 2.4 0.94

¥-Cie 1.0 0.94

5-Cu 0.95 0.93

4.3 = mixture
threshold

3-Cs 3.0 0.54

8-Cro 1.4 2.7

6-Ci2 95 5.4

8-Cyy 500 5.4

14 = mixture
) threshold

TG -oand e ST T T T




Ehresholds of mixiures
-3 Thresholds of individual compouods
"8 thresholds of mixtures of several
iBy,sses of butter volatiles are given in
¥ bies 2, 3, 4 and 5 (note that in Tables
™% .o 5, individual compound concentra-
B:ons are given above the mixture thresh-
B J concentration and individual thresh-
£ o5 are in a separate column). Methyl
koone, free fatty acid and aldehyde
i iologous series mixtures exhibit results
Rimilar to those reported by Langler et al.
1964). Interaction in the mixtures is ap-
¥ ont especially with fatty acid and
Eneths | ketone mixtures (Tables 2 and 3),
. ot the mixture threshold, concentra-
bions of individual compounds are sub-
i reshold. Langler et al. (1964) refer to
E.ch effects as “synergistic.” The syner-
Foistic effect was not pronounced with al-
dehy des and was not evident among lac-
ones.

Table 6 gives the water, oil ‘and butter
$ia51c thresholds of several selected com-
ounds obtained in this study and by other
The data show that oil

o

i .
L% Fnvestigators.
thresholds are generally higher than water

L
KA S Caw

-‘-‘(‘ N

“ously (Lca et al. 1958; Putlon 1964).

CONCLUSIONS

Among the thresholds measured, those

of several butter volatiles are lower (or’

nearly so) than their reported concentra-
tion in butter, and thus would be expected
to contribute to sweet cream butter fla-
vor. Compounds that fall into this group
are diacetyl, butyric and caproic acids,
hexanal, acetaldehyde, dimethy! sulfide
and possibly delta-decalactone. Levels of
2-hepatanone and 2-nonanone (Langler
et al. 1964) could be high enough to in-
fluence flavor due to synergistic interac-
tions. The aroma and flavor of fresh
cream butter depend on a conceatration
balance of low threshold compounds re-
ported herein (plus possibly some vola-
tiles not as yet identified in butter), with
little contribution to flavor by high thresh-
old compounds. Synergistic interactions
exhibited by mixtures probably play an
important role in giving butter its unique
flavor and aroma.
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old differences have been discussed previ- tion of Food.” Academic Press. New York.
~ " Table 6—Taste thresholds of representative volatile compounds in different media
W\ s ol - Threshold concentration in ppm o
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n-Heptanal 0.031 0.75 0.127 0.90

. tFrom Reddy et al. (1357},
: From Pation {1964): his values for acetic,
1 Concentration that givesa rancid favor iScan
favor) were 46 and 30 respectively.
« Not indigenous to butter.
s Lea et al. (1933) reported 0.9,

butyric and caproic acids wer

ian et al. 1965); butyric an

¢ 54, 6.8 and 5.4 respectively
d caproic acid values (rancid
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-Butanedione, ap clectron-stabilizing compound, as a
ifier of sensitivity of Bacillus megaterium spores to

rays}

A TALLENTIRE, N L SCHULLER and B L POAWERS

Laboratory of Raduton Hiolo o Dyopurtmont of Zoodosy Unaversits ot Posas,
Austin, Texus

(Received 29 July 1903

The orgunic cotupoutid 23-batancdione @ lnwennh tos o haei athiniee 1o free
clectrons, and can stabthize clectrons prociaced Ty hichi-enerey rudianons
aqueous solutions. In the non-mctabolzies spore ot B (7N w,v;-r-,‘!e S (huiter
suspension at pli 7:0), this compound  mercases radimtion scnsnetom e
absence of oxvgen as concentration increases up toapproviateis 4 Sto AL
The maximal increase represents 40 per cent of the ot ohaerved e the full
oxygen effect. Since the compound atmaximallv etfective-concentration in the
presence of oxyigen does not increase radition senatny above ther fevel seenin
oxvgen alone, itis allowe 1 that the potentating action of the cormpound represents
one of the actions of oxveen, e, oxveen may act in part by stabibzineclectr LN
Above about 6~ 10 * N the cfectivencss of the compound as a0 sensitizer
decreases, until the anoxic level of sensitivity s reached ar 62 1o "N No
suggestions concerning this reversal of etfect at hich conventrations wre alered at
this time. .

Introduction

The mechanism(s) of the action of oxyvgen i mereasmy e seisitnaty ot
rabolizing cells to X-irradiation has not been clacidated experimentaliy. Oue
‘nt set of experiments on cortrin chomical compounds that sensitive ceils
Aiated in the absence of onveen can be used as a4 basis for g propasition
cerning the nature of one of these mechanisims. Mdams and Dewen (1903)

¢ shown that certain compounds with high clectron arhimities and properties

ducive to stabilization of the attached clectron do sensttize Serraiio nicicescens
s to x-irradiation. and almost to the degree seen with onveen. Phis veninds
1gain of the suggestion made by several authors e the prstthat oxygen can be
<tioning (at least in part) as an clectron aceeptor m cifecting its acnsitiring
LON.

Because of its biochemical incertness, the bactertal spore is o very suitable
togical object for testing this proposal in the abaenee of ordinary biochicmical
~vities involving oxvgen that confound interpretations of results with mictas
wing cells., Furthermore, the absenee of toviaity of one of these compounids
oncentrations that show radiohiological Gty e the spore (zee below:
‘:lilliltcs an clement that contuses mterpretation i some other biolovieal
tems.  In this paper, we report the rosadts of tests of tas compound,

* Work supported mopart by the US0 Nonne Frersy Commnnssion -V E 0 1S40,
U.S. Public Health Service tNFGNIS 1333570 and the Goraduate Soie o or the
aversity of Fexas,
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2 nedione-(diacetyl), in suspensions of spores of Bacillus megateriu, e
prescrice and absence of oxygen, and in a series of graded concentrations or'the
compound.

2. Materials and methods

2,3-Butanedione, rescarch grade, was used as supplied by Matheson, Colema
and Bell.

The test organism was the spore of Buacillus megaterium (ATCC No. 8245),
produced as reported earlier (Powers, Ehret and Bannon 1957) and stored gf
+°c in distilled water. The plating medium was double-strength MRVP medium
(Difco) solidificd by 1-5 per cent agar. All dilutions of spore suspensions after
irradiation were done in phosphate buffer (pH 7-0) to give numbers of colonie
between 30 and 200 per plate.

X-irradiation was carried out with spores suspended in 15 mM phosphate
buffer at pH 7-0. The X-ray source was a Machlett OEG 60 tube operated o}
50kVp and 37-5mA (with 0-002in. Al filter), powered by a Philips constar{-
potential generator. The dose-rate was 9-4 krads/min as determined by t.e
ferrous sulphate dosimeter in a geometry identical to that in spore experiments,
Tt was assumed that G(Fe3+) = 14-0 (Back and Miller 1957).

For irradiation of spores in anoxia, 3 ml. of a mixture of spores and diacetyl
at desired concentrations in buffer were placed into each of several vacuum-tight
vesscls; the depth of liquid in each vessel was 0-5cm. Dissolved air was removed
from the suspension by repeated expansion of the vessels’ atmospheres into a
high-vacuum manifold about 20 times greater in volume than a vessel, with-
concurrent stirring of the liquid phase. The pressure in the manifold at the start
of each expansion cycle was 10-3torr or less. Six expansion cycles sufficed to
reduce the concentration of oxygen in the suspension to a calculated value of
2:7 x 10-2 M this level of oxygen concentration is known to be sufficiently
low to give a radiation response characteristic of spores in anoxia. Spectrophoto-
metric analyses carried out before and after the degassing routine of solutions of
2,3-butanedione at concentrations used in the irradiation experiments showed
that loss of the agent as a consequence of these expansions was negligible. Vessels
were closed under vacuum and maintained in this condition for anoxic irradiation,
the contents being slowly stirred to keep the cells in uniform suspension during
exposure to x-rays. For irradiation in the presence of oxygen, 3 ml. of the buffer
suspension were held in contact with air in an irradiation vessel. A side-arm on
the body of the vessel was open to the atmosphere, and the contents were stirred
during irradiation. In addition to maintaining cells in suspension, stirring in this
instance maintained cquilibrium between the gaseous and liquid phases.

Dose-survival data covering at least four log-cycles of inactivation were
obtained for each experimental condition. The data were fitted to the expression:

S=1—{1 —exp (-kD)]m,

where S is the fraction of spores surviving aradiation dose D, k is the inactivation
rate constant and # is a constant giving a measure of the size of the shoulder of
the dose-survival curve at low dose levels. Each survival curve was constructed
from four points, with cach point deriving from five plates. The best values for
k and n for a given set of data were estimated by the iterative process described
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Radiation modification by diq?tyl

v Tyler and Dipert (1962). Only the value of k varied systematically with vary-
\g experimental conditions; its valuc is uscd here to describe numerically the
Tect of diacetyl on radiation scnsitivity.

Experimental results

The figure shows the effects of increasing concentrations of diacetyl on the
_radiation sensitivity of spores exposed anacrobically in aqueous suspension.
s expected, at very low concentrations there is no increase above the anoxic
vel. At 10-% M, sensitivity begins torisc; at 3x 103 M, itisata maximum. At
igher concentrations sensitivity falls, with anoxic sensitivity regained at about
x 10-2 M. Itis possible that the peak is a broad one extending from 2 x 10-3 to
x 103 M.
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MOLAR CONCENTRATION OF DIACETYL

he X's show the relationship between concentration of 2,3-butanedione. (diacetyl) in
aqueous buffer at pH 7-0 and sensitivity of spores of Bacillus megaterium to 50 kVp
X-rays in oxygen-free suspensions. The solid puints are sensitivitics measured at
the two indicated concentrations in suspensions saturated with oxygen.

The vertical bars are put on the figure to aid in visualizing the relative magni-
«des of the effect of diacetyl in raising sensitivity above anoxic sensitivity and the
rresponding effect of oxygen. The maximal effect of diacetyl in absolute units
" radiation scnsitivity is 4x 10-3krad™'; while that of oxygen is 10x10-3
rad-1. The increase caused by diacetyl is but 40 per cent of the total oxveen
Tect. This recalls a proposal made carlier (‘Tallentire and Powers 1963) in
‘hich the total oxygen cffect in the wet spore, is composed of two kinds, one
cing 40 per cent the magnitude of the total oxygen cfect (figure 6 (¢) of
allentire and Powers 1963).

The second general point shown in the figure is that the increase in radiation
snsitivity brought about by diacetylis within the oxygen effect. The solid points
t 5x10-3 M diacetyl and at 10-1 M were obtained from survival curves of
pores irradiated in the presence of oavgen and of the compound at the indicated
oncentrations. "These: sensitivities are the equals of that obtained i osygen
‘ones diacetyl is not seen to have any effect separate from or in addition to that

l
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o \'inus qnc_sliuns are: Cis it necessary that diacetyl be present ddring
irradiation, and is the effect associated with a state or species of short lifetime:
tl"ncs_c were tested in two kinds of experinients. (1) Spores were soaked prior to
irradiation in 3 x N # A diacety? (the concentration giving maximal effect) for 30
min, then centrifuged three times in bhutfer, with 24 hours between cach centrifuga.
tion. "Uhe radiation sensitivity inanoxia was that of spores not exposced to diacetyl: «
any time, that is, no cffect of the pre-treatment could be appreciated. (2) Sporeg

~and diacetyl solution (5 x 107 M) were irradiated anoxically and separately; and

then were muxed anoxically just at the end of the radiation interval. The survived
of the spores was that expected of spores irradiated in butfer in the absence 4

oxvgen. 'Fhese experiments show that the effect of diacetyl is one that is realized
only if the compound is present (within the time limit of our experimentg)
procedure) with the spores at the time of irradiation.

Another question is that of possible toxicity of diacetyl. As a routine, sporeg
werce in contact with diacety! at least 30) min before irradiation; extension of the
contact time bevond this period (up to 1 week) had no further effect on radiation
sensitivity. Control experiments run concurrently with irradiation exposures for
the same times showed that the viability of unirradiated spores given diacet,]
treatments was identical to that of untreated spores. '

4, Discussion

The general results are that 2,3-butanedione increases radiation sensitivity of
spores above the anacrobic level, that it is effective only when present du;mg
irradiation, and that it is ineffective as a sensitizer when irradiation is in the
presence of oxygen. We interpret these results to mean that this compound
operates within the oxygen effect in the spore system, and in doing so it acts on or
with a short-lived state or chemical species. Our results allow the Adams and
Dewey (1963) proposal that compounds of this type act by stabilizing radiation-
produced clectrons. We may also infer that this state or species is one of those
acted upon by oxvegen in increasing radiation sensitivity, :

Of particular interest is the fact that the maximal increase in damage caused
by diacety] is only 40 per cent of the total ovyveen effect in wet spores. One -
possible explanation is that oxygen is more efficient in its action than diacetyl is in
copving it, or it nught be that there are indeed two processes by which (;x\'gcn
acts on spores irradiated in water suspension, only one of which can be accom-
plished by diacetyl. The involvement of oxygen in at least two radiation-
induced processes was proposed by us several vears ago (‘lailentire and Powers
1963). ‘The proposal was based on the actions of oxygen in spores of varving
water content. One of these processes was thought to be responsible for 0 per
cent of the total oxygen effect (the same fraction of the oxvgen effect accomplished '
by diacetyl). At that time we allowed that the larger pnr'tion of the oxvgen cffect
was due to the clement of damage svmbolize : ; peri :
rcasons (Powcers 19060), we ‘h’l\'it c;i\]llz-‘(ll) ,(‘;li‘kf' l?-\ L’;LIXIY]L:]} f((')»; g;?”d e‘\pe"m‘e?f“d

ons ') é - T damage the -~
radical componcent for a numlwcr_ of vears. In this k,,; element, damag _p
probably induced by a perosyvradical formed from interaction of a radii X
produced free radical and oavgen, We might therefore expect that this eler
is independent of diacetyl presence. The 40 per cent effeet we attributed to tne
Looelemert fortemallv defined as that amace seen in dev enares nnle when

Q\.'.
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oxygel esent during irradiation); inthe paper describing our proposal, .
refrained from speculating about cvents responsible for &, but in view of the
quantitative similarity pointed out in this paper, coupled with a consideration of
the similarity in the clectronic properties of oxygen and diacetyl, electronic
affinity and stabilization could well be accounting for the sensitizing action of
diacetyl in the wet spores, and could account also for one mechanism of action of
oxygen.

Fortunately, this new proposal is open to test,  As we reported carlier, the
k, element - is strongly water-dependent (Tallentire and Powers 1963); it
increases in magnitude as the water content of spores is decreased.  Diacetyl
exerts a considerable vapour pressure at ambient temperature, and hence we have
the opportunity to test whether or not its effect shows a qualitative and quanti-
tative similarity on this part of the oxygen cffect with changes in the water con-
tent of spores. This serics of tests is currently under way.

It is difficult to explain the drop in effectiveness of diacetyl to anoxic levels as
concentration increases. At least two other studies on moditicrs of radiation’
sensitivity have shown that effectiveness is related to concentration in this
general manner. Dale, Davies and Russell (1961) showed that the radiation
sensitivity of cells of Shigellu flexneri at first increases to a maximum and then
decreases (though not to the anoxic level) as the concentration of nitric oxide
increases. With the spore of Bacillus megaterium in aqueous suspension, Russell

' (1966) showed that a steady increase in concentration of nitric oxide causes at

first a rise, and then a decrease in radiation sensitivity; and in this instance at
high concentrations of nitric oxide the sensitivity level is below that seen in
anoxia. The explanations for these results are not recognized in terms of the
radiation chemistry.of aquecous solutions and cells; but these studies, together
with the results presented here, point up the importance of concentration of
solute on its action in modifying radiation sensitivity of biological organisms. The
chemical explanations that suffice for dilute solutions are not necessarily those
anplicable in concentrated solutions, and full explanation of the radiation biology
i}-scribed above will be realized only after chemical study of irradiated con-
+ ntrated solutions.

Le composé organique 2,3-butanédione (biacétyl) a une grande affinité pour les électrons
ltbres et peut stabiliser les électrons produits par des radiations a haute énergie en solutions
aqueuses. Dans la spore non-métabolique du Bacillus megaterium (Suspension-tampon
P 7,0) ce composé augmente la sensibilité A la radiation en 'absence d'oxvgéne, lorsque la
Cpncentration augmente jusqu'a 4 x 103 M approximativement.  L’augmentation maximum
renrésente 40 pour cent de celle du total observé en présence d'un etfet oxyuine complet.
Puisque Ie composé, en concentration maximum effective en présence d'oxveéne, nfaugmente
ps Ia sensibilité & la radiation au-dessus du niveau observé dans l'osvgene seul, il est
rermis de penser que Paction du composé dans Paceroissement de la sensibilité represente

"une des actions de 'oxygine, ¢est-i-dire, Poxygéne peuat agir en partic comme un stabih-
sateur d'électrons.  Au-dessus d'environ 6 x 10 3 M Peflicacit¢ du composé en tant que
§ usibilisateurdiminue, jusqu'i ce que leniveauanosique desensibilité soitatteint a6 < 10 2N
£ ne propose, pour le moment, aucune explication concernant ce renversement de Fetfet
iaute concentration,

Die organische Verbindung 2,3-Butinedion (Dazets b hat vine starke Athuuce tur
freie Elcktronen und kann Elehtronen stabilisicren, die von Hochonerziesttahbuioen m

wisseriven Lasungen erzeuvt sind. In der ncht-metabolisieronde:s Spore vens Bac
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megaterium (Puflerlisung Suspension von pl 7,0), erhisht dicse Verbindung die Strahlungs_
emptindlichkeit in der Abwesenheit von Saucrstot bis zu einer Konzentration von uny,.
fihr 4 x 102 M. Die maximale Erhishung stellt 40 Prozent der bei vollem Sauerstoﬁ'(-ﬂ‘ckt
beobachteten dar. Da die Verbindung bei maximal wirksamer Konzentration ir der
Gegenwart von Sauerstoff die Strahlungempfindlichkeit nicht {iber das Niveau .,
Sauerstoff allein erhsht, ist ¢s moglich, dal} dic potenzierende Wirkung der Verbin "ung

" eine der Wirkungen von Sauerstoff darstellt, d.h., Sauerstoff kilnnte teilweise Elekt-pne,

stabilisicren. Uber ungefihr 6 x10 3*M nimmt die Wirksamkeit der Verbinduvg s
Sensibilisator ab, bis der Sauerstoff-freie Grad der Empfindlichkeit bei 6 X 10-* M errachy
ist. Keine Vorschlige hinsichtlich dieser Umkehrung des Effektes bet hohen Konzen{g.
tionen werden gegenwirtig angeboten,
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; dinectyl, The above resulls are therefore nol atlri

{ bubable simply Lo a diveet oxidation of acetyt miethyd

! carbinol. When Lhe cuflures were aceated Lhe result.

Rt Cusw. fenn.9), B.2.25/ (193¢)
Formation of the aroma-giving constituents ‘in
butier.

By Artturi I. Virtunen and J. Tarnanen.
(Reccived Jan. 17lh, 1936)

It is generally held that the aroma of butter is
chieflv due to the presence of diacetyl. Taclic acid
bacteria, Logether with the aroma-producingorganisms,
form acelyl methy]l carbinol and diacelyl appa-
rently from acetaldehyde:

CH . GO + OHC . CII, == CI, - CIKOI) . CO - C1,
According Lo Hamumer, citric acid is Lhe constituent of
milk from which acetyl methyl carbinol and diacetyvl
chiefly originate.

On analysing the starter or the vipened cream it is
generally found that their content of diacetyl is very
low or practically nil. On lhe other hand. acelyl met-
hyl carbinol is present in considerable quantities
when aroma-producing cultures are being used, H
diacetyl is estimated in the usual manner, by distil-
lation in the presence of ferric choride, whereby
acetyl ‘methyt carbinol is quantitatively  oxidised
into diacetyl, it is natural that high values can be
obtained for diacetyl although there might be none
in Lthe original sample. Since acelyvl methy) carbinot
is an odourless and tasteless compound, tiw above
procedure is nol suiled for a quantilative estimation
ol buller aroma.

We have generally found no diacetyl on analvsing
samples of starters and ripened eream, although Lheir
content of acety] methyl carbinol has been consi-
derably high. Thus, for insltance, 500 ml of the starter
containo(l,' .
acetyl methyl

carbinol (as
Ni-comp. of
diacelyl, mg.)

time, hours diacelyl (as

Ni-compound)

18 0 .8
36 0 12.6
60 0 1.8
81 0 98.6
110 0 116.4

A dislinet formalion of diacetyl took place first
afler air or oxygen was passed Lhrough the cullure
during the ripening process. This is shown by the
following lable,
acelyl methyl
carbinol (as
Ni-comp. of
diacetyl, my.)

diacelyl
time, hours (as Ni-com-
pound, mg)

Treatment
0, passed through
the ripening culture not
three times. ... ... 18 19.0 determ,
0, passed through
the cullure
five times  ........ 42 22,1 10.1

No diacetyl was found when oxygen was led into

the starter immediately belfore the delermination of

were similar to. those obtained with oxvgen. Treat

anenl wilh GO, or Ny prevented the Tormalion o

dineetyl.

We may thus conelude Lhal dineetyl is not Tormed
through an oxydo-reduction process between {we
molecules of acelyl methyl carbinol with o simulta
neus production of bulvien ghveol:

2 CIH, - GIOL - CO - GH, — CH, - GO . CO - G, -+

GLL; - CIIEOH) - €TI0 - G,

butl only when oxyvgen is acting as a hvdrogen uccvpl.!n"
2CH,- CIOH) - €O ClE + Uy =~ 2 Cl,- GO - GO - CH, -+ 11,0,

The fact that diacelyt is thus formcéd only in the
presence of oxygen should be duly considered in the
preparation of bulter. The cream should thercefore
be ripened under ‘as aerobic conditions as possible
and the churning carried oul so as Lo ensure a maxi-
mum conlent of air in the butter.

There exist numerous patented methods according to
which the churning of the ercam is done in o churn filled
with some indifferent gas,  Such methods are obviously not
suited for the production of bulter with a rich aroma.

In our experimental ereantery we have made several at-
templs to increase and improve the aroma of buller by pus-
sing sterile air into the cream during ripening, ‘This methaod
was found Lo have a very favourable effect on the aroma of
the fresh butter, the diacelyl content of which was thereby
considerably increased.

Buring  storage, however, the differences between  the
aromas of the »sacrated» and the control hutter generally les-
sened, although the deterioration of the sacrateds bulter was
not more extensive than that of the control, After a month’s
storage bolh samples were graded approximately equal.

Similar results were obtained from experiments in a big
ereamery, The aroma of the fresh buller can thus be consi-
derably improved by acration of the cream. Such buller
should, however, be sold fresh (within a week or so), in order
Lo make full use of ils rich aroma.

It may also be mentioned here that, if the deterioration of
bulter is due Lo micro-organisms (c. g. bacteria of the fluo-
reseens group), the butter loses its aroma and diacety! content
very quickly, before any other defects become detectable,

Laboratory of Valio, Helsinki.
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THE ~LECT OF IODOPHORS ON THE FLAVOUR OF g‘ / \g, - Activity of a lactic culture.——Stérilized tubcs of skim ‘mi¥ were
MILK AND- ON THE ACTIVITY OF LACTIC /CULTURES T inoculaied with .iodophors, A, B and C to give concentrations of
Teol { Doa. ) 125-33 19¢,7 availabic iodine ranging from 0 to 100 ppm. Ten replicatersamples at
Lee ’D"'Q h‘)" . Eush %y e ’ ‘ ) each concentration lev:::l were prepared. Each tube was inoculated . )
) ' . with 27, of commercial lactic cuiture and incubated at 73°F. A sampl: e
T. P. WHELTON and J. FoOLEY, ' at cuch diiferent fodine concentration leve! was tested for pH before s

incubation, and fresh samples were taken from the incubator for
testinz ot 2 hourly intervals thereafter. The pH was mgasuréd L
electremetrically.  Similar procedures were used when studying the -,
effect of ivdophors B and C on laciic cultures. '

University College, Cork,

fadopier detergent sterilizers are now widely used for cleaning and
sterifizing milking eguipmeni 2nd utensils. Jensen et al (1) found that e
off fsour ir milk could be induccd by iodopher-scaked mitking Acetyimetiylearbinol and diacetyl production—After detorminins .
moching inflations and reported lower flavour threshold values for the pH, the acetylmethylcurbino! plus diacety! content of each sampie t
iodopi:crs in milk (4-3 ppm.) than those previously reperted in the was determined using a modification of the method outtined by King
Eierature. The lowest coacentrations of iodine that could be detected t e -

v pigiip - ; . . (8). Waen using the method of King. turbid filtrates were sometimes -
organolepticaily by Geida ¢t al (2) were 6 to 8 ppm. in skim milk and obtained. In this study one ml. of each filtratz was diluted threefold L
10 o 13 ppra. in whoie milk. Johns (3) found that concentrations of with M/50 diamino-cthane-tetra acetic acid solution. This procedure < .
iouine up to 1C ppm. in milk failed to impurt an off fAavour cither Tl

gave clear sclutions and enabled the intensity of the Lilac-red colour
of the filtrates produced by acetylmethyicarbinol and diacetyl to be
measured with a Spectronic 20 photoelectric colorimeter. A wavelength :
of 25C mu. was us:d. A standard curve for diacetyl in mik was IO
established using these procedures with samgles of fresh milk to I
which various known quantities of diacetyl were added. The acciyl-
methylcarbinol plus diacetvl contents of the test samples were expressed
as mg. of diacety! per 100 ml. of milk.

before or after pasteurisction. Later Johns and Berzins {4) found that
wher § ppm. of icdine from cone icdopher and 16 ppm. from another
iodopier was added to milk, an off flavour developed. Swartling (5)
considered thai umounts of jodine from icdophors fikely to get into
milk could not be expected to have any adverse effects. -

Another problem associated with the presence of residuai dair\y
sterilizers in milk is that of inhibition of lactic cultures for cheese-
making. Alihough the levels of chlorine in milk having an inhibitory
eifect on siarters have tecn determined (6) (7). literature on the levels

Ay of icdine which may inhibit cr prevent acid production by starters is RESULTS
; not available, I
K%L . ) ‘ Results of the analyses of the iodophors are given in Table 1. DI
1 This stud: was undcrtaken tc determine the levels of available
¢$y  iodine frem ivdophors which would affect the flavour of milk and the
Chag § activity of a commercial lactic culture. : : Table 1
| Phosphoric acid and available iodine contents of the todophors. .
g o — - e e e L NI
ook < . N ; ; : LA S
‘;‘ METHODS AND MATERIALS : ' % Phosphoric ' 9% available % available ®,
ol ] . L . . Todophor acid . lodine w/w iodine w/v )
A% Tires commercial iodophors A, B. and C which were compounded _ ‘
£ 23 .- . . . - v : —_ ———
33}3_?? in the Irish Republic. were used in this study. The percentage avaii- ;

a

able iodinc of each iodophor was determined by titrating 202. of . A 313

. , 1.90 220

V?}} icdophor concentrate. diluted to 50 ml. with distilled water with 0.1 N - .
i ] sodium thiosulphate solution to a colourless end point. The percent- . B 13.1 ; 215 229

AE age of phosphoric acid in each iodophor was determined by potentio- C 17.0 i 1.89 2,02

AL

metric titration using 0.1 N NAOH and checking for the presence of
other acids by continuing the titration to the second equivalence point.

The phosphoric acid content of the three iodophors varied widely.
Differences in the percentages of available iodine content of the

NS
N

Flavour thresiwc!d icvels of iodophors in mitk.—Soluticns of each iodophors were not large. .
iodophor were prepared to give concentrations of available iodine from — ) Q)

0 to 20 ppm. in milk samples. The levels at which the different Flavour threshold levels.—The number of judges who could detect Z
iodophors were detectade in milk were determined by a taste panel the iodophors in milk at different iodine concentration levels is given @

35l of 10 judees. in Table 2. . ~
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Table 2-

Number of judges who could detect an off flavour in milk samples at
different iodine concentration levels.

lodophor lodine concentration (ppm.)
; | ‘ i
2 0 4 1 6 | 8 10 \ 12 ] 14
— |
i I | l.
A 0 | 0 E 0 | 3 6 i 9 10
| L
B 0 ] T . 6 8§ | 10 | 10 | 10
i ) i
c o o L2 sl 70w
o R S DUTUR I S S

The flavour threshold values varied for the different idgdophors.
The concentration level of iodine at which different judges could detect
an off flavour in milk also varied. In general, a concentration of
iodophor in milk suflicient to give 6 to 10 ppm. available iodine might
pe gxp_ected to give an off flavour to the milk, but concentrations of
todine up to 4-5 ppm. may well escape organoleptic detection.

Inhibition of lactic cultures—The results of an experiment to

Qete':r{nine the level of available iodine from icdophor A which would
inhibit acid production by a commercial lactic culture (Hansen’s
Laboratory, Denmark) are given in Figure 1. :

i
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FIGURE 1
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Changes in pH of milk samples coniaining 2% lactic culture and
different levels cf iodine. with time of incubztion at 73°F.

Add:tion of indophor to milk sampies lowers the pH vaiues. Ata
concentraticn of 10 ppm. available iodine the activity of the lactic
cuiture at 72°F. was slightly retarded. After twelve hours at this
temperature. however, the control sampie and the sample contajning
10 ppm. iodine had the same pH value. At iodine concentration levels
greater than 10 ppm. inwbition of the lactic culture was increased
until at 40 ppm. no change in pH was observed after 10 heours. At
5 ppm. available iodine detectuble inhibiticn of the culture by this
method did not occur. '

The additicn of iodophors B and C to milk samples did not lower
the pH of the samples to the same extent as did corresponding amounts
of iodophor A. The general patterns of the pH time curves for lactic
cultures containing iodophors B and C at levels of available iodine from
0 to 100 ppm. were similur to curves shown for odopher A.

Acerxlmethylcarbinol - and™ diacetyl production—The  inhibitory
effect of different levels of iodine in milk on the production of ucetyl-
methycarbinol and diacetyl by a lactic culture is shown in Table 3.
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Acectylmethylcarbinol plus diacetyl production, expressed here as mgs.
of diacetyl per 100 mils. of milk, was delayed by the presence of 20 ppm.
_ of available iodine in milk and 60-80 ppm. of iodine caused complete
| inhibition of acetylmethylcarbinol plus diacetyl for 10 hours.
|
f
! Ry Problems of off flavour in milk and inhibition of commercial lactic
l ;,.f,&_v cultures for cheese-making due to the presence of residual iodophors
Y in milk when iodophors are used as detergent sterilizers for dairy
; % equipment and utensils. are not likely to arise if iodophors are used
P 1 P
it with reasonable care. 1f we consider the recommended use concentra- |
¥ tion of the iodophors studied. which corresponds to an iodine con- :
centration of about 30 ppm. of available jodine and the recommended - %
after rinse concentration of about {2 ppm. available iodine, the : @
possibility of residual iodophor from equipment causing off flavours |~
in milk and inhibition of lactic starters for cheese-making is remote. u L
- -y - A
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UMARY~-Two methods

of discriminantAanalysis, Chi-square tests,

g Hatiles with organoleptic evaluation of flavor. Model
- kptylate and benzaldehyde were used for one set of trials. A second system consisted of
ands of Pepsi-CoIa® and Coca-Cola® The stepwise discriminant analysis (SDA) procedure de-
by Powers et al. { 1968) was only moderately successful in classifying the mixtures when
"to the GLC data for the model systems, but the cola blends could be classified readily.

2203y

2263

LARRY L. YOUNG, ROLF E. BARGMANN and JbHN J. POWERS .

Departments of Food Science and of Statistics, University of

Georgia, Athens, Georgia 30601

¢+ tests and analysis of

< were applied to gas-liquid chromatagraphic (GLC) data to compare GLC measurements of

i

systems composéd of ethyl butyrate,

g 5LC data, cola blends differing from each other by only 7—10% could be distinguished. A
. -y discriminant analysis program, designated MUDAID by its originatar {Bargmann, 1967), is
.re useful for predictive purposes. The analysis yields the correlation coefticients for each peak

if

e h sample differences and the weighting factors.
%titurion of measurement values for unknowns,

their identity may be predicted. Organolep-

- .. &isthreshold additive effects could not be demonstrated with binary mixtures of flavor sub-
-nces, but judge-compound interaction effects were observed.

INTRODUCTION

| "HE IDEA of using gas-liquid chromatog-

;;‘P (GLC) for evaluation of the flavor
N early as old as GLC itself.
; Jg ) pointed out that flavor
Jwat, oy GLC has not attained the
A #t might have because suitable meth-
=i correlating complex GLC data
zf.iscnsory evaluation have been lack-
& Powers ct al. (1968) showed that
wpwise discriminant analysis (SDA)
w4 be used to classify foods for flavor
EG LC data.

.4¢ present study was undertaken to
arn 1) whether assessment of differ-
-4 by the SDA method could be done
A'-F)scr intervals than by organoleptic
4 ation; 2) whether alternate methods
- {using GLC data cfficiently for flavor
_saluation could be found;and 3) wheth-
4 ime subthreshold additive effects, as
Af joned by reith et al. (1968), result
‘m sensitivity' of particular judges to
Twific compounds or are truly additive.
P has a bearing on correlation, since
‘i s a separation process, whereas
iholeptic assessment of flavor is an
“egrative process.

r REVIEW OF LITERATURE

- TUSTROM (1967), Baker et al. (1967),
Cowers ot al. (1968) and Powers (1968)
M reviewed much of the literature re-
ing comparisons between GLC mea-
' and sensory evaluation of tla-

§ ie foods, simple correlation
anus are sujtable because one or a few
ponents are closely correlated with
3 “Y”‘" quality (Powers, 1968). Hammond
1" . {1964), Arnold et al. (1960) and
ngs et al. (1963) have cach described

iﬁ" vor defect in milk or cheese resulting
M a single compound. Powers ¢l al.

-rather

-
(1968) cited other examples of simple
correlation effects.

More often, the true flavor or off-
flavor of a food must be attributed to
several compounds. Aurand et al. (1965)
found that the flavor of pickles is due to
a blend of volatile compounds rather than
the presence or absence of a single com-

ponent. Buttery et al. (1967) reported

that American-grown hops of different
varieties could be distinguished by the rel-
ative percentages of certain components.
MacLeod et al. (1966) stated that chro-
matograms of lemon oils from through-
out the world were very similar and that
differences were primarily quantitative
than qualitative, Wong (1963)
observed that GLC differences between
fresh and decomposed cream were pri-
marily quantitative. Sevenants et al.
(1966) concluded that typical peach
aroma was probably an integrated re-

" gponse to a wide spectrum of compounds

and, in fact, none of the individual com-
pounds was at all peachlike in aroma.
Miller (1966), Stephens (1966), Keith
(1967), Buttery et al. (1967), de Becze et
al. (1967), Hawkes et al. (1967) and
Powers et al. (1968) have each attempted
to compare, upon some mathematical or
statistical basis, flavor differences with
chromatographic differences. Henis et al.
(1966), O'Brien (1967), Dravnicks ct al.
(1967) and MacGee (1968) have carried

“on sinmilar studics to identify from GLC

data different species or strains of micro-
organisms or of other biologicul entities.
{

EXPERIMENTAL
GLC vs. organoleptic comparisons
Two types of trials were usedd o compare
GLC and  organoleptic evaluation. One con-
sisted of a modyl sestem and the_other of
blends of Pepsi-Colad®and CocaCol®.
l-‘,\ilgyl butyrate, cthyl heptylate and benzal-

Discriminant equations can thus be written.

CORRELATION BETWEEN GAS-CHROMATOGRAPHIC PATTERNS AND FLAVOR
EVALUATION OF CHEMICAL MIXTURES AND OF COLA BEVERAGES

dehyde were dissolved in double-distilled water
at concentrations of 2,272, 1.664 and 5.125
mgliter to form a control solution, Two of the
compounds were then held at these levels and
the third compound reduced in concentration
until the resulting mixture could be distin-

guished from the control solution by a six-

member taste pancl. The same triangular meth-
od of sensory cvaluation was used by Keith et
al. (1968).

For the GLC analysis, S00-mi portions of

-

‘3

the solutions were extracted in a distillation- ~

extraction apparatus (Likens et al., 1964).
Approximately 40 ml of pentane was used as
the solvent, and the solutions were extracted
for 2 hr. The solvent flask was then stored at
10°F for not less than 2 hr to freeze out dis-
solved or emulsified water. The pentane was
decanted and then concentrated in a Kudema-
Danish evaporator partially submerged in-a
water bath at 37°C. The pentane extract was
reduced to 60-70 pliters. The concentrated
sample was held in an ice bath while GLC runs
were being made; S-pliter portions were used
for chmma;ographic injection.

The chromatographic packing consisted of
10% Triton X-305 (alkyl aryl polyether alco-
hol) coated on to 60-80-mesh Diatoport S. The
columns were 20 ft, 1/4-in. stainless steel, and a
dual-column gas chromatograph (F & M Modcl
810) was uscd. The programming sequence con-
sisted of a S-min post-injection interval at
160°C, followed by programming at 6°/minute
to 210°C. The injection port temperature was
295°C; the detector temperature was 275°C,
and the nitrogen, hydrogen and oxygen flow
rates 30, 63 and 150 ml/minute, respectively.

The arcas of the various peaks werc mea-
surcd with a planimeter and each area con-
verted to the percentage it represented of the
total for the arcas of all peaks (Powers et al.,
1968).

Cola-beverage trials

Blends of Pepsi-Cola  and Coca-Cola  were
prepared in ratios of 67:33; 60:40; 50:50;
40:60 and 33:67. Using the triangular proce-
dure, the panel was then asked to select the odd
sample in comparisons involving Pepsi-Cola,
Coca-Cola or ditferent blend ratios. The panel
was also asked to place 4 solutions in order.
They were 100, 67, 50 and 33% of cach cola
beverage.

The various blends were extracted as de-
scribed for the modet systent, except 450 mit of
the cola solutions Were extracted, ethyl ether
was used as the sobvent instead of pentane and
the eatraction period was | instead of 2 hr. One
further difference w.s that 0.1 pliter of r
undecaluctone was injected into the concen-
trated extract just berore gus-chromatogmpl}ic
analysis, to provide a reference compound for
retention times and ared. For statistical pur-
poses, the measured area of each peak, the arcad
transformed ta percentige and the ratio of the
arca to the arca of the reference compourn
were thus available,

L emeNCE-219



i
i
i
i
i
i
|
i
i
i
i

-]

-

[

.1

,V.‘.
I

(,& g

263

20-JOURNAL OF FOOD SCIENCE -Volume 35 (1970)

Table 1—-Mininuinm clmuge'

in 1 compound necessary to enable

solutions to be distinguished organoleptically.
i ahihay . . phat

.\‘nh; l-iun A Solution detectably different

B C D
1.717 2.272 2272
1664 0422 1.664
5.125 5.125 1.294

Compound (Control)
Ethyl butyrate o 2.272
Ethyl heptylate 1.664
Benzaldehyde 5.125

Concentrations are in milligrams/liter.

- Table 2—Diﬂemntiation' of cola beverages by organoleptic evaluation for flavor.

Cola beverages and blends

100% Pepsi-Cola  67P:33C 60P:40C

50P:50C

40P:60C  33P:67C  100% Coca-Cola

! Any 2 treatments not underlined by the same line are significantly different.

Statistical methods

The same stepwise discriminant analysis
procedure (Sampson, 1967) as uscd by Powers
et al. (1968) was applicd to the data. They ob~
served some evidence of subthreshold additive
effects, but after the panel was already dis-
banded they wondered whether the subthresh-
old additive effects observed resulted from the
sensitivity of a particular judge for a particular

mpound, rather than 2 or more compounds,

below their levels of detectability, aug-

ting cach other so as to make their presence
sctable.

For these trials, a 12-member panel was
used and the compounds were ethyl acetoace-
tate, benzaldehyde, 2-methyl butyric acid, iso-
valeric aldehyde, amyl butyrate and +y-undeca-
lactone. The threshold levels reported by Keith
et al. (1968) were used as a starting point. By
increasing or decreasing the concentration, the
threshold level for the panel was found. This, in
effect, was a pooled Chi-square test. In con-
formity with Keith et al. (1968), the 0.05 level

_ of significance was used. Each panelist was also

tested individually to establish his threshold
level for each compound. Binary mixtures of
these 6 compounds were then prepared for sen-
sory evaluation with each compound at 50% of
the threshold level established by the panel.
The theoretical threshold was, thus, 100% of
the pan# threshold.

To learn whether significant results came

from judge-compound interactions or were
truly additive, the panel was split into 3 groups. -

Judges whose threshold was neither greater nor
less than that of the panel were put into Group
A. The most sensitive judges were put into
Group B.

Judges in Group A were given solutions with
each compound at 50% of their (and the pan-
el's) threshold levels. Judges in Group B were
given solutions with the two compounds at 75
or 67% of the judge’s respective threshold
levels. For each judge, the sum naturally ex-
ceeded 100% of his theoretical level, but the

was set to approximately 100% of the

Ael’s threshold level. )

Since there were 6 compounds and a judge
might be sensitive for 1 compound but not ‘for
another, a judge sometimes was in Group A,
Group B or temporarily eliminated according to
the particular binary combination under study
and his sensitivity to these compounds.

LN

. )
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RESULTS & DISCUSSION
Organoleptic evaluation l

The model system was used in the
hope that a simple system would facil-
itate the development of meafis of corre-
lating sensory and objective evaluation.
This turned out not to be so. Rather siz-
able differences had to exist in the con-
centrations of the 3 chemicals before the
change became organoleptically detect-
able. Recorded (Tabte 1) are the minimal
changes necessary for the panel to detect
a significant difference as one compound
at a time was decreased in concentration.
For ethyl butyrate, ethyl heptylate and
benzaldehyde the respective decreases
had to be 24.5, 74.6 and 74.7% before
the panel could tell the difference against

the background of the 2 other chemicals. .

Though only 3 solutions were tested at a
time, the harsh chemical flavor of some
combinations over-rode organoleptic dif-
ferences.

The panel proved itself to be moder-
ately sensitive in detecting differences
among the cola solutions. It could detect
differences when the blends varied by
17% but not when they varied by 10% or
less. Results are listed in Table 2.

SDA analysis

Of 195 chromatograms available from
the same solutions as listed on Table 1,
13% of the solutions were erroneously
classified by the SDA procedure from the
GLC data. The SDA procedure applied to
the data for the cola solutions was re-
markably effective. Compositional differ-
ences to within 7% could be resolved (see
Table 3).

Table 3 is a classification based upon
using the percentage peak areas of peaks
4, 5 and 6 as denoniinators. The proce-
dure followed was the same as that of
Powers et al. (1968). First, the peak areas
were transformed to percentage peak
areas. Then all possible simple ratios were
formed: using cach percentage peak area

as the denominator. The SDA program
was written to handle only 80 variables a(
a time. As there were 24 peaks for the
cola solutions, the data were subdivided
into groups consisting of 3 peaks a5
denominators. The number of steps Te.
quired to yield correct classification by
each of the 8 groups is shown in Table 4,
Shown also is the number of steps re
quired when the 9 most effective ratioy
from each of the 8 subgroups were com.
bined.

That a composite of the 72 most ef.
fective ratios from each of the 8 sub.
groups required more steps than most of
the subgroups needs explanation. Step.
wise discriminant analysis depends upop
the intercorrelations between variableg
and the degree of dispersion of each vari.
able. In generating 72 ratios with 9 differ.
ent denominators instead of 3, hetero
geneity apparently was increased.

One question arises: Rather than form
ratios, can discrimination be effected
from the peak areas themselves? Thi
could not quite be done for the cola soln-
tions. 69 out of 70 chromatograms wer
correctly classified as to blend, but |
chromatogram for a 33:67 blend wa
incorrectly classified as a 40:60 blend,
Powers et al. (1968) did not try to clas- |
sify their coffee chromatograms from per
centage peak heights. Their data were
subjected to the SDA procedure except
the 33 percentage peak heights were used
instead of ratios. 1 peak area alone was
sufficient to classify the coffee. This
demonstrates that for some application
there is no need of forming ratios from
the peak areas before the SDA procedur
is applied. In trials to be reported.
Milutinovic et al. (1970) were able
discriminate among samples without
resort to ratios. In this study, formation
of ratios was necessary for the mode!
system and the cola beverages, if one sets
a standard of 100% success. Actually.
successful classification of 69 out of 1t
chromatograms without resort to the
formation of ratios is entirely acceptabie
Upon a probability basis, one should not
expect every chromatogram out of 70 to
be always classified correctly.

Concerning ratios, a recent paten
(Mahlmann et al., 1969) is pertinent. Th
patent points out that the process leads
to flavorful soluble coffee and the flavor
is defined as having an unique GLC spec
trum. The spectrum is given in terms af
ratios among volatiles.

Noncomputer methods

1 limitation of the SDA program i
that a computer is required. Thought wis
given to the possibility of utilizing all the
data from relatively complex chromat®
grams without having to resort to high
speed computing. 3 different methods ¢!
hand calculation were tried: 1) analysis o
variance combined with Duncan’s multi
ple range test; 2) a pooled Chi-square test
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and~3) a gréup “t” test. For the last-
qmed procedure, the significance of the
qumber of significant “t” tests was esti-
mated from an upper and lower bino-
. mial-confidence-limits table (Mainland et
~ L, 1956).

Analysis of variance and Duncan’s
multiple range tests were moderately
effective for the model solutions, One has
o make a decision from the multiple

-

o i

N, |

p= There is risk of error in each decision and
these risks are cumulative. Actually, for
. . only 3 peaks this was no real problem.
Table 5 shows Duncan’s multiple range
iests for 8 of the 24 peak areas of the
¢ cola trials. One can see that if one had
, measurement values for an unknown, one
1 ould probably decide to which group the
sample belonged.
‘ Chi-square analysis also could be used.
{ | This is unorthodox, for the Chi-square
¢ test is normally used for “expected” val-
. ues, generally discontinuous, such as ex-
pected number of progenies in genetical
- ¢+ experiments. By Chi-square tests of one
';youp against another, just about the
}

..

same peaks were picked as being critical

,Wimination as by the analysis of

r‘ :. When group *‘t” tests were used

& same purpose, there was good

: agreement, too, as to the peaks most use-

: ful in distinguishing among the 7 cola

F treatments. Young (1968) correctly iden-

 tified 5 out of 7 unknown blends by
4 using the Chisquare procedure.

The analysis of variance indicated

there was significant interaction betwecen

. § peak arcas and treatment. Some pcaks

1 were useful to separate groups at one end

of the blend serics, but not at the other

4 de (sec Table 5). Curvilinearity of most

" 1of the regression lines accounted for

e
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Table 3—Classification of cola beverages from ratios of percentage peak areas involving peaks 4,

5 and 6 as denominators.

Classification

Solution 100% 67P:33C 60P:40C

50P:50C  40P:60C  33P:67C 100%

nnge test for each peak area separately. .

1007% Pepsi-Cola 9

67P:33C - 10

60P:40C 10
50p:50C :

40P:60C

33P:67C

100% Coca-Cola

12
11

their similarities to the groups of chro--
matograms for each treatment in the pres-
ent study. Since a new discriminant func-
tion is established for each pair of
observed compounds, it would ot be
easy to generalize such results to a class
of, say, all cola beverages. For this latter
problem, a multiple discriminant gnalysis
on peak arcas as response variables seems
more appropriate. The MUDAID program
(Bargmann, 1967) performs such an anal-
ysis in one of its phases. Each variable,
i.e. peak area, is studied by an irregular
2-way classification-design analysis. Adjust-
ed mean values for replications and treat-
ments are calculated as well as F values
for replication, treatment and interaction
effects. This univariate pass for each peak
area is used primarily to détect experi-
mental outliers or recording errors, which
invariably result in significant interaction
effects.

A second run is then made on the
edited data. The F values for treatments
for each peak are valuable indicators of
the degree of discrimination due to each
peak. A multiple discriminant function is
then calculated (largest eigen vector of a

It is an artificial variable or score given to
each compound, with the weights chosen
in such a way that the distance between
treatments is maximized. The program
then proceeds to calculate correlations
between cach variable (peak area) and the
best discriminant function. This is thus a
measure of proximity of each peak area
to the best discriminator. If some peak
areas show low correlation, they ob-
viously do not contribute to the over-all
discrimination between treatments.

The variables with low correlation are
eliminated and a second or third run is
made on the remaining peak areas. Final-
ly, only those peaks having the highest F
values for treatment effects and the
highest correlations with the over-all best
discriminator are retained.

The discriminant function for 9 of the
24 variables of the cola data was:

Z = 0.673 Xq + 147 Xq — 9.68 Xg +>2.56
Xy + 0.748 Xy + 94 X3 — 1.02 x;3 +
24.6 X35 - 10.6 Xz

The respective correlation values, in the
order of peaks just. listed were -0.194,

. much of the interaction. . e, e .
JI Multi (; :j.b ".l ('.m“.mn matrix product) which is, in fact, a linear  0.257, 0.136, 0.289, 0.176, 0.294,
iple discrimination ) combination of the area under cach peak. -0.187, 0.104 and -0.156. Peak 12 was ’
The techniques of regression and step-
{ wise discrijmination are primarily con-
erned with the problem of classifying
—I individual chromatograms in terms of Table 5—Peaks selected by analysis of variance and Duncan’s multi-
range test as being useful to distinguish among cola _folﬁtLO_m_j _'
Peak
FJ Table 4—Number of steps required to classify chromatograms of 2 100P 40:60 50:50  67:33 13:67 60:40 100C
tola sotutions.
. No. steps to successful oor
Peaks used as denominators classification 4 100P  67:33  40:60 _60:40  50:50  33:67 _1_0_,.
7 100C 40:60 33:67 50:50 60:40 67:33 1001
- 1,2,3 24 10 100C_ 33:67__ 60:40 _ 50:50 _40:60  67:33  100P
4,5,6 19 - —
7,.8,9 24 ' 11 100C  33:67  40:60 _ 60:40  50:50 67:33  100P
10,11,12 39 ) e —
13,14, 15 19 12 40:60 50:50 100C 60:40 33:67 gl};__l_ogﬂ_
16,17, 18 ) 13 100P - _67:33  60:40 S0:50 40:60 3367 100C
19,20,21 29
1 22,23,24 34
rJ Composite! 39 : 20 100P__ 67:33  60:40 50:50 _ 40:60  33:67  100C
% !The composite consisted of the 9 most efﬁcn‘ét)\' ratios from each — —
" § T the 8 trials. : . '{he first figure in cach ratio designates the percentage of Pepsi-Cola.
[ .

e
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most  highly correlated with treatment
hange. The degree of dispersion enters

! into the weighing values as well as correla-

"¢ tion, Peaks with the highest correlation to

* the best discriminating equation arce likely

1o be involved in flavor. If they are not

r

i
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thvor substances themselves, they affect
tiavor in such subtle ways as by sub-
1iireshold additive eftects, reaction with
oiher. components or through dilution of
tLose compounds which are odorous.
Table 6 lists the 9 variables chosen

" and the Z values calculated for each cola

treatment. To predict unknowns, one
oerely substitutes in measurement values

¢ [or each of the variables and calculates
. the Z value. From this value one can esti-

mate to which group the unknown be-
tongs.

Comparison of Tables 5 and 6 shows
that nearly the same peaks were selected

* 15 being important to discrimination by

the analysis of variance procedure as by
the discriminant analysis mcthod. As
Mrcady pointed out, the Chi-square and
noup “t” tests were in agreement with
‘he analysis of variance procedure! Both

's also show the virtual impossibility

yscriminating between the 50:50,

3 and 33:67 solutions on the basis of
.somatograms, This illustrates the overly
yptimistic results obtained by internal

RO

Table 6—Vatues' of components of the discriminant function for cola mixtures.

Peak No. 100P 67:33 60:40 50:50 40:60 33:67 100C
4 -0.064 -0.055 -0.053 -0.052 -0.055 0.046 -0.037
7 0.021 -0.044 0.060 0.076 0.100 0.081 0.113
] -0.028 -0.015 -0.016 -0.013 -0.010 -0.014 -0.001

10 0.204 0.244 0.258 0.256 0.254 00.266 0.304

il 0.142 0.160 0.174 0170 0.177 0178 0,198

12 (.001 0.001 -0.047 0.066 0.085 0.042 0.062

13 -0.055 -(.048 0.047 -0.041 -0.039 0,035 -0.023

15 0.020 0.027 0.022 0.022 (1020 0.014 0.002

21 -0.034 -0.030 -0.029 -0.02¢0 0014 HL013 -0.010

Z Value 0.207 0.328 0.415 0.464 _0si8 0473 0.60%

! Each vatue is the product of peak arca times weighing factor,
2The first figure in each blend ratio designates the pereentage of Pepsi-Cola,

validity checks. Note that, in the pairwise
discrimination, these 3 solutions were
almost always correctly classified. The
single multiple discriminant function
which permits application to tinknown
substances is more indicative of the qual-
ity of discrimination between future
chromatograms.

Limitations and problems

Failure of the model system to be as
amenable to SDA analysis as the cola
solutions needs to be explained. 3 ‘prob-
lems were observed: Use of the percent-
age area transformation was inappropriate
for the model system since it contained
only 3 variables. Whenever one com-
pound was reduced in concentration—and
thus in peak area—the areas of the 2 other
compounds were automatically increased
upon the percentage basis. With our
method of analysis, this produced an
error component. A symmetrical comple-
mentation design (Beyer, 1961) would
have permitted a more sophisticated anal-
ysis to be performed.

When the transformation was not
made, then error as a result of extraction,
column and instrument variation was
more obvious, This represented a second
type of error. Analysis of variance dem-
onstrated that when only 3 compounds
were present, the percentage efficiency of
extraction changed as concentration
changed. No attempt was made to check

Table 7—Threshold values for compounds used in subthreshold ad-

ditive effect study.

. fects

extraction efficiency of the cola bever.
ages because the original concentrations
naturally were not obtainable. From ob.
servation of the variance for each of the
24 peaks, distillation efficiency of each
component of the 24-component systen
was more stable than in the 3-componen;
system. Even from the extremes of Peps;
Cola and Coca-Cola the differences in vo)-
atile components were less drastic thap
for the model systems. Figure 1 shows
chromatograms for Pepsi-Cola, Coca-Coly
and a 50:50 blend of each.

A third source of error was differ
ential volatilization from the extraction
concentrate. If 5 or 6 injections were
made from the same extract, the firg
peaks gradually decreased in size, suggest-
ing that the more volatile substances were
escaping from the solution. The concen-
trate was kept in small sealed wials, at
10°F when not in use, in ice water be-
tween injections. As cumulative sample
withdrawal became appreciable, appar-
ently new liquid:headspace equilibriz
were established. Again, in the 3-com-
ponent system this was more serious than
in the 24-component extract.

Organoleptic subthreshold additive ef

Threshold values for the panel and the
most sensitive members of the panel are
shown in Table 7. Among the 30 possible
combinations of the 6 compounds listed

Threshold concn of

o Threshold most sensitive panel
{E' \ RETENTION T ) Compound concentration? member

- 4. 1—Chromatograms of cola solutions. A = 2-Methyl butyric acid 1.27 1.02
_ Pepsi-Cola, G = Coca-Cola; D = a 50/50 blend Ethyl acetoacctate 5.20 2.08
of each cola beverage. The last peak on chro- Benzaldehyd. 235 1.41
matogram G is the reference compound, ~- Isovaleric aldchyde 0.28 0.17
I\ undecalactone. The peaks, which are numbered, Amyl butyrate 1.29 0.77
. are the same as those used in the discriminant $or: Gamma-Undecalactone 0.15 0.12

~quation, Before calculation, areas were adjust- -*'
L4

1 g . ae
¢d to compensate for attenuation changes. Concentrations are in parts per million.
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4 Table 7, omly 5 combinations could be
sd for Group A with the limitation that
wh judge’s sensitivity equal the panel

.. wrage. 6 combinations were suitable for

"y Group B trials. None of the 5 combi-
qtions for the Group A trials showed a
atistically - significant subthreshold ad-
give effect.  Judge-compound inter-
tions were detected. 1 panel member,
x example, could consistently pick out
= amyl butyrate + ethyl acetoacetate
-xture, and another member could de-
xt the benzaldehyde + amyl butyrate
=xture. The same thing was true for the
woup B trials. No combination showed a
atistically significant subthreshold ad-
:tive effect when judge-compound inter-

. .tion was removed.

* The trials were not intended to dis-
wve that subthreshold additive effects
ist. Logically, they must exist. The
zals affirmed the reservation of Keith et
¢ (1968) that precautions need to be
#en to separate judge-compound inter-
Jdion in attempting to demonstrate sub-
ireshold additive effects. Whether flavor
fferences are detected through a sub-
;ueshold additive effect or the sensitivity
‘a particular individual for a particular
mpound, there are other factors which

_’\ amplicate organoleptic-objective correla-

\ 9ns more seriously.
" To cite only a few, no extraction
“eedure removes the volatiles 100%. At
fatever levels of efficiency they are ex-
wted, the ratio among volatiles is upset.
the GLC stage, the chromatographic
dtern is determined by the column and
*operating conditions. These and many
ther factors mean that correlation is
sricted to particular conditions of
Tple treatment and analysis. As point-
‘out by de Becze et al. (1967) no single
lumn or operating condition is satisfac-
1y for all components. Upon adding to
4° proof ethanol pure components
“wn to be in Bourbon, de Becze et al.
Jorted that there was no resemblance in
‘her pdor or taste between the synthetic
,‘JXlurt and Bourbon. These investigators
.l 4 columns to scparate several types

“alcoholic beverages. Notwithstanding
« <k of compatibility between human

ors and GLC detectors, objective

“dlysis of GLC data has much to com-

-
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mend it. Though our panel could general-
ly select the odd cola solution from the 2
identical samples, it invariably failed in
attempts to line up correctly 67:33,
50:50 and 33:67 blends, whether Pepsi-
Cola or Coca-Cola was the anchor bever-
age at one end of the series. This could be
done readily by either of the discriminant
analysis procedures tried.
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